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CHAPTER I. INTRODUCTION 
Problem Setting 
Market demand structure plays a critical role in price and economic 
policy analyses. Among other applications, an estimate of market demand 
parameters are essential to conduct commodity forecasts (for example, 
Huang and Haidacher, 1986; Deaton, 1975a; Houthakkar and Taylor, 1970); 
to evaluate market intervention policies (Anderson and Wilkinson, 1982); 
to analyze optimality and intact of tax proposals (Deaton, 1979, 1981a); 
and to construct the appropriate choice of cost of living indices 
(Christensen and Manser, 1975). 
Many of the earlier studies of market demand were partial demand 
analyses, not considering the complete interdependent nature of demand 
(Schultz, 1938; for instance). The complete systems approach pioneered 
by Stone (1954) was first undertaken for retail food demand analysis by 
Brandow (1961) and later on extended by many, including George and King 
(1971); and Hassan and Johnson (1976). In these earlier studies, the 
theory of individual consumer demand was applied along with selected 
income, own price and cross price elasticities to "construct" a full 
matrix of demand parameters. The main drawback in these studies was the 
synthetic approach used in generating the market demand matrix. Most of 
the elements of the market demand matrix were not estimated directly from 
sample data. Thus, statistical inferences on the reliability of the 
estimates were not possible. Further, the estimated or constructed 
market demand parameters were affected by the sequential ordering of the 
commodities and application of the restrictions. In short, the demand 
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matrix In the Brandow and related studies is "under identified" and there 
was no theoretical basis for presuming that the individual assimilations 
utilized were appropriate at the market level, especially given the 
functional forms used (LaFrance and Hanemann, 1983). 
Subsequent to these studies, Huang and Haidacher (1983); Chavas 
(1983); Capps and Havlicek (1984); Court (1967); and Byron (1970a, 1970b) 
have estimated market demand systems by imposing the theoretical 
restrictions from the individual theory directly in the sample data. The 
problems with direct specifications and imposing restrictions from the 
individual theory in a restricted least squares fashion are well known. 
First, a slightly different specifications tend to yield quite different 
empirical results. Second, the results are not robust in explaining the 
observed market demand structure. Third and most importantly, the 
"theoretical plausibility" of the restrictions used is highly 
questionable. Do the general restrictions of the individual consumer 
theory apply? The difficulty is also to be aware of the particular 
restrictions that are imposed implicitly. The assun^ tion of homothetic 
utility function underlying the Rotterdam model is an example (Theil, 
1965). 
Alternatively, one can derive a demand system from a specified 
direct or indirect utility function. The AIDS model (Deaton and 
Muellbauer, 1980a); and the Translog model (Christensen, Jorgensen and 
Lau, 1975) are two popular cases that fall into this category. The 
problem in this approach is that the results rely heavily upon the 
assumption of the specific form of the direct or indirect utility 
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function. The homotheticity or separability assumptions implicit in 
these specifications are fundamental to the theory of aggregation (Deaton 
and Muellbauer, 1980b). 
The main role of the aggregation theory in market demand analysis is 
to provide the necessary and/or sufficient conditions for treating 
aggregate or market consumer behavior as if it were an outcome of the 
decision process from a single representative preference maximizing 
consumer. Given that the available data is at the aggregate or market 
level the interest sets on the notion of the average consumer. Strotz 
(1957, 1959); and Gorman (1953) have shown that various separability 
assumptions are required for consumers to make decisions in a piece-meal 
fashion, which provides the basis for commodity market analysis. The 
utility-tree system of Brown and Heien (1972); the hierarchic Linear 
Expenditure System of Deaton (1975a,b); the Almost Complete System of 
Heien (1982); the applications by Blanciforti and Green (1983); Pope, 
Green, and Bales (1980) among others used separability assumptions of 
various types to circumvent the "aggregation problem". However, the 
separability assumptions arbitrarily limits specific substitution effects 
in the Slutsky terms and thus imposes a very restrictive pattern on the 
cross price elasticities among commodity groups (Deaton and Muellbauer, 
1980b, Johnson et al. 1984). 
The principal implications of the individual consumer theory applied 
to market demand are homogeneity of the demand functions; symmetry and 
negativity of matrix of substitution effects; and the adding-up of budget 
shares. These restrictions are referred to as "Slutsky conditions" 
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(Barten, 1967). Powell (1974) referred to these restrictions as the 
"triad". The introduction of Rotterdam specifications and other flexible 
forms facilitated testing of these restrictions using the market data 
(see, for example, Byron, 1970a, 1970b; Christensen et al. 1975; Deaton 
and Muellbauer, 1980a). However, the available empirical evidence on the 
market demand having properties of individual consumer behavior is mixed 
(Barten, 1977; Johnson et al. 1986; Deaton and Muellbauer, 1986b). In 
fact, the profession is some what divided on the issue of imposing the 
theoretical restrictions on the model. One view expressed by Phlips 
(1983, p. 55): 
'We find it difficult to take the results of these tests 
very seriously.... Given that the demand equations have 
to be specified in some way, a valid testing against 
unrestricted data is probably impossible. We, 
therefore, think that, if we want measurement to be 
meaningful, we must impose the general restrictions 
whatever the results of the tests just referred to.' 
There are others who attribute failure of test of theory to a number of 
factors such as measurement error of the data (Stapleton, 1984); omission 
of dynamics (Anderson and Blundell, 1983); endogeneity of expenditure 
variable (Attfield, 1985; Bronsard and Salvas-Bronsard, 1984) and so on. 
While these factors may have contributed to rejection of theory, the 
necessity of basing our evaluation of the demand model based on either 
time series of market aggregates or budget studies raises a more 
fundamental issue, namely that of aggregation. 
In light of the recent developments in market demand theory the 
mixed results are not surprising. Sonnenschein (1973b) has illustrated 
that two demand functions, each satisfying homogeneity and symmetry of 
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substitution effects need not sum to a function satisfying these 
restrictions. This result was further elaborated by Shafer and 
Sonnenschein (1982); HcFadden et al. (1974); Mantel (1977). The 
implications of these studies is that strong assumptions are needed to 
justify the hypothesis that market demand functions possess the 
characteristics exhibited by the individual consumer demand functions. 
These assumptions can be summarized under two themes surrounding market 
demand theory. 'First, when preferences are homothetic and the 
distribution of income (value of wealth) is independent of prices, then 
the market demand function has all the properties of a consumer demand 
function. Second, with general (in particular nonhomothetlc preferences, 
even if the distribution of income is fixed, market demand functions need 
not satisfy in any way the classical restrictions which characterize 
consumer demand functions' (Shafer and Sonnenschein, 1982, pp. 671, 
672). 
From the above discussion it is clear that in the applied market 
demand analysis the development of correspondence between the micro 
theory and the market is neither straightforward, nor without pitfalls. 
The enigma presented by the available aggregate data, the restrictions 
that follow for the representative consumer, and the strong separability 
assumptions required for their reconciliation still haunt the applied 
researcher, especially at disaggregated commodity levels. It is only 
recently that the properties of market demand functions without strong 
separability assumption have been understood. 
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Recognizing such elements in the use of market level aggregates, a 
pragmatic approach is suggested to merge the theory systematically with 
the data. The impetus for such an approach comes from visualizing 
market demand functions as approximation to "true" unknown demand 
functions and that the theoretical restrictions need not hold at the 
market level exactly. The interest is on the average set of consumers 
and the technique is to merge systematically the prior restrictions with 
the approximating function to estimate elasticities that are both 
consistent and robust in nature. 
In fact, it can be viewed as an extension of Brandow (1961); George 
and King (1971); and Hassan and Johnson (1976). This approach is made 
possible due to rapid developments in computation technology permitting 
estimation of large systems using restricted least squares or Bayesian 
estimation or mixed estimation problems. Examples of such attempts 
include Byron (1970b); Huang (1985); Huang and Haidacher (1983); Chavas 
(1983); Kiefer (1984); Pope et al. (1980); Curtin et al. (1987) for 
restricted least square framework; Safyurtlu et al. (1986); Brown and Lee 
(1986); for mixed estimation framework; and Kiefer (1977) for Bayesian 
framework. 
These studies have demonstrated the use of pragmatic approach in 
generating demand parameters for highly disaggregated commodity levels. 
What is lacking in such applications is a rationalization of local 
approximation and limited extension of aggregation condition to support 
local market approximations. This study attempts to extend the existing 
analytical results and sets up a Monte Carlo model to analyze the effects 
7 
of changes in distributional and taste characteristics on the Slutsky 
conditions and market demand behavior. 
Objectives of the Study 
Generally, the Slutsky restrictions tend to hold only at the local 
level, that is, they are presumed to be satisfied only over certain 
ranges of prices and income in demand analysis (Caves and Christensen, 
1980; LaFrance and Hanemann, 1983; LaFrance, 1984). Since market demand 
functions are themselves approximations to some unknown functions, it is 
in^ ortant to understand the nature of local, approximation 
characteristics of market demand in relation to consumer demand. 
More specifically, to what extent can micro theory the restriction 
it implies for demand equations be considered relevant for the 
description of aggregate market demand behavior? How best can one ' 
approximate true market demand relationships given the present theory? 
What is the reason for the instability in demand parameters estimates? 
Can one e:q>loit the priors to construct a demand system at the market 
level that incorporates plausible behavioral assumptions and has 
reasonable predictable content? The study is designed to probe these 
questions and is in the spirit of Hendry's (1984, p. 944) words: 
"Monte Carlo experimentation can efficiently compliment 
analysis to establish numerical analytical formulae which 
jointly summarize the eiqperimental findings and known 
analytical results in order to help interpret empirical 
evidence and to compute outcomes at other points within the 
relevant parameter space." 
The specific objectives of the study are: 
1. to set up a Monte Carlo model to study the correspondence of the 
individual consumer demand theory and the market demand theory; 
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2. to analyze the effects of changes in distributions of income and 
prices on the "bias" in market demand elasticities and Slutsky 
conditions at the market level; 
3. to estimate quadratic response surfaces for the "bias" in 
elasticities and variance of restrictions at the market level 
due to changes in individual characteristics and distributional 
characteristics of income and prices. 
Organization of the Study 
This study is organized into seven chapters. Chapter I discusses 
the problems and issues related to empirical demand analysis and outlines 
the objectives of the study. Chapter II presents a description of 
consumer demand theory with emphasis on deriving demand functions 
thorough duality theory and the properties exhibited by consumer demand 
functions. In Chapter III, various approaches to aggregation theory and 
the Implications of separability assumptions for market demand analysis 
is discussed. Chapter IV reviews some market demand systems in relation 
to the empirical content for market demand analysis. The concept of 
flexibility and approximations in demand analysis is critically assessed. 
The results of the tests of theoretical restrictions in market demand 
systems from various studies are discussed. In Chapter V, some 
analytical results related to market demand are discussed and extended in 
the context of the market demand theory. A monte carlo model is set up 
to investigate the empirical analysis. In Chapter VI the results from 
the Monte Carlo experiments are discussed. Finally, Chapter VII contains 
a summary, implications, and limitations of the study. 
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CHAPTER II. REVIEW OF CONSUMER DEMAND THEORY 
The theory of consumer behavior holds a central position in economic 
analysis, providing a structure and language for model formulation and 
data analysis. This is well documented in the literature, e.g., Varian 
(1978), Deaton and Muellbauer (1980b), Johnson et al. (1984), Fhlips 
(1983), Powell (1974), and Theil (1975, 1976). The recent developments 
in duality theory have also contributed to better understanding of the 
consumer theory through the use of cost functions, indirect utility 
functions, and distance functions (Fuss and McFadden, 1978; Diewert, 
1974, 1980b; McFadden, 1978). The purpose of this chapter is to outline 
the axioms involved in utility theory and examine the methods of deriving 
consumer demand functions. The properties of consumer demand functions 
is also outlined so as to distinguish between the consumer demand 
functions (individual level) and the market demand functions (market 
level). 
Utility and Assumptions 
The foundations for consumer demand are laid-out in utility theory 
in the form of axioms. Among alternative commodity bundles in the 
consumption set, the consumer is assumed to have preferences represented 
by a binary relation > in euclidean n dimensional space Ç^ . Three basic 
axioms are imposed on the preference relation which are often taken as 
defining rationality in a consumer. They are completeness, reflexivity, 
and transitivity. Quite often, another assumption, continuity is 
necessary to rule out certain discontinuous behavior. 
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Under these assumptions, the consumer's preference ordering is 
representable by a continuous real valued utility function, U: o" -> R 
defined over commodity vector q, such that q^  ^  q^  is equivalent to 
U(q^ ) g U(q®) for vectors q^ , q®. Conventionally, it is assumed that the 
utility function is strictly quasi-concave, twice differentiable and 
monotonie, apart from the above mentioned properties (Barten and Bohm, 
1982). 
The basic axioms, in general, represent assumptions which are 
subject to empirical vertifications. Observable behavior might show 
inconsistencies in many cases. For completeness, it is sometimes argued 
that the consumer may not be able to order all possible bundles, and that 
the actual decisions will be concerned only with a subset of the 
consumption bundles (Oeaton, 1986). Empirical and/or experimental 
results frequently indicate intransitivities of choices, which may be due 
to simple errors which individuals make in real life or in experimental 
situation (Battalio et al. 1986). Also, transitivity may fail for some 
theoretical reasons. For instance, in a household consisting of several 
individuals where each individual's preference relation satisfies the 
axioms above, the preference relation of the household may be due to 
non-transitive if decisions are made by majority rule (Deaton, 1986). 
The above assumptions produce a consistent theory, but in practice, 
they are restrictive and all rule out phenomena that may be important in 
some situations. For instance, strict quasiconcavity implies that the 
consumer buys some of every good which may not be reasonable. Further, 
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quasiconcavity rules out flat segments in indifference curves. 
Empirically, these might be in^ ortant, in cases permitting perfect 
substitutes. Also, some commodity bundles come in discrete packages, 
rendering the utility function non-dlfferentiable. Kinks in indifference 
curves imply that for relative prices within a prescribed range, goods 
are purchased in fixed proportions.* 
Further developments in theory of consumer demand indicate that some 
weaker axioms suffice to describe and derive consistent demand behavior 
(see Chipman et al. 1971; Sonnenschein, 1971; Katzner, 1971; Hildenbrand, 
1974; and Shafer, 1974). For instance, Sonnenschein (1971) showed that 
the axiom of transitivity was unnecessary to prove existence and 
continuity of demand. These are discussed in relation to market demand 
in Chapter Three. 
Consumer Demand Functions 
This section describes different methods of deriving the consumer 
demand functions and their properties. The interrelationship among the 
duality results is also discussed. 
Utility maximization and Marshallian demand functions 
The determination of the quantity purchased from the maximization of 
utility subject to a budget constraint is a constrained optimization 
problem. The common procedure of solving this type of problem is the 
lagrangian method. Accordingly, the Lagrangian function is expressed as 
max L - u(q) + X[y-p'q], (2 .1 )  
12 
where q is the quantity vector, u(q) refers to utility function and y is 
consumer income or more loosely, e3q>enditure3. Differentiating the 
Lagrangian equation with respect to each of the argument q^  and \ yields 
n+1 first order conditions, 
Pj ^ Pj • 0; j - 1,..., n, (2.2) 
and 
y - p'q - 0. (2.3) 
Applying implicit function theorem (Apostol, 1957) to n+1 simultaneous 
system of the first order conditions yields expressions that are unique 
in prices and income. The resulting expressions are, 
Qj - qjCPi# Pg Pjj); j-1. 2 (2.4) 
X • ^(p^ , Pg'"'*' ^ n' ' (2.5) 
Equation (2.4) is referred to as the ordinary or Marshallian demand 
function. It describes how the consumer will behave when confronted with 
alternative sets of prices and a particular level of nominal income. The 
term X is known as marginal utility of income. 
Second order conditions for maximization problem are expressed as 
q'uq ^  0 for all q such that p'q - 0. This condition is ensured by the 
assumption of quasi concave utility function. In practice, the first 
order conditions are rarely analytically soluble even for quite simple 
formulations. Linear E3q)enditure System (Stone, 1954) and Indirect 
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Addilog Demand Systems (Houthakkar, 1960) are two examples for the class 
of demand systems that can be derived from particular utility function. 
Indirect utility and Roy's identity 
An indirect utility function is obtained by substituting optimally 
demanded quantities back into the direct utility functions. Denoting 
g (p,y) as optimal allocations of quantities, this alternative form is 
given by, 
u* - u[q*(p,y) q*n(p,y) 
" v(p,y). (2.6) 
Note that the indirect utility function has only prices and income as 
arguments and is strictly increasing in income and nonincreasing in all 
prices, but increasing in each price and homogeneous of degree zero in 
prices and income (Varian, 1978). Also, the indirect utility function 
represents the maximum obtainable utility for a given set of prices and 
income. There is "dual" relationship between direct and indirect utility 
functions given that both represent the same preference ordering. The 
constrained optimization problem in this case is to minimize the indirect 
utility function with respect to prices and income subject to a given 
level of quantities for each commodity. That is, 
it 
min v(p,y) subject to q(p,y) - q . 
A simple way of deriving the consumer demand functions using indirect 
utility function is to apply Roy's Identity (1942). Roy's Identity is 
derived as follows: at equilibrium we have 
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ft 
du - 0 and J) q. dp. - dy, 
j : J 
or 
which inplies 
*. * 
au* 
auj/apj 9%/8p^  
*  •  • • •  •  *  "  ~  a y  
Q1 % 
or 
h 
* 8u zap. av/ap. 
Therefore, once v is known or specified, it is sufficient to apply Roy's 
Identity to obtain the consumer demand functions. These demand functions 
have the same structure as if derived using the direct utility function 
(Barten and Bohm, 1982). 
Since analytic solutions are hard to obtain under direct utility 
maximization, it is convenient to derive consumer demand functions using 
the indirect utility function through Roy's Identity. Furthermore, since 
indirect utility function represents the allocations to achieve the 
maximum utility level under different prices and income, it is more 
3 
amenable for applications in welfare and index number analysis. 
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Cost minimization and Hicksian demand functions 
The dual problem to the utility maximization problem is the 
minimization of cost or expenditure subject to a given level of utility. 
This dual approach in demand analysis using the expenditure functions was 
first suggested by Samuelson (1947). The expenditure function is 
nondecreasing and concave in prices and has only prices and utility as 
arguments, i.e., e"e(u,p). Differentiating e with respect to p yields 
* 
expenditure minimizing allocation of commodities, g(p,u ) to achieve a 
particular utility. These are known as Hicksian demand functions. This 
result is popularly called as Shepard's Lemma (Shepard, 1953). Since 
these demand functions exclude the Income effect associated with price 
changes, they are also termed income compensated demand functions. By 
optimization principles the primal (maximization of the direct utility) 
and the dual (minimization of expenditure function) should give the same 
optimal allocations. Hence, 
qj - qj(p.y) - gj(p,v) 
and 
jr - X Pjqj 
Ï Pjgj (p.v) 
- e(p,u*) 
- e. (2.9) 
Thus the expenditure and indirect utility functions are interrelated. 
Using Shepard - Uzawa duality theorem (McFadden, 1978; Dlewert, 1974, 
16 
1980b) the indirect utility function can be derived by inverting the 
e:q)enditure function and vice versa. Also, substituting the inverse of 
the escpenditure function (indirect utility function) into the Hicksian or 
compensated demand function we can derive the ordinary or marshallian 
demand function (Deaton and Muellbauer, 1980b). Thus, esqpenditure 
functions with the appropriate properties can serve as an alternative 
representations of consumer preferences. The Almost Ideal Demand System 
(AIDS) developed by Deaton and Muellbauer (1980a) is an example of a 
practical use of this correspondence. 
Distance function and inverse demand functions 
The inverse representation of the direct utility function is called 
as distance function. This is very useful for commodity market analysis, 
where because of inelastic supply it is generally believed that prices 
adjust to clear the market. Also, for policy analysis, it is important 
to switch quantities or prices as variables for control. 
The distance function d(q,u) defined on commodity (q) and utility 
(u) is the amount by which the commodity, q must be divided in order to 
reach the indifference curve representing at least the utility level, u. 
Mathematically, d(q,u) can be implicitly defined by, 
v[q/d(q,u)] - u. (2.10) 
Like the cost function the value of distance function is entirely ordinal 
and is defined with reference to an indifference curve, not with cardinal 
preferences. Similar to the dual relationship between utility and 
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indirect utility functions, there is a dual relationship between cost and 
distance functions. This can be understood by: 
d(q,u) - min[p,q; e(u,p) • 1], (2.11) 
P 
and 
e(p,u) - min[q,p; d(q,u) - 1]. (2,12) 
q 
The distance function is increasing in q and decreasing in u and 
homogenous of degree one in q. The first derivative of the distance 
function is, 
- aj (q.u) - (2.13) 
The functions ayfq.u) are dual to Hicksian demand function (gy's) and 
are homogenous of degree zero in q. These are termed as inverse demand 
if 
functions. Noting u *> v(q) uncompensated inverse demand function, tj(q) 
can be defined as 
Pj/y - aj(q,u*) - aj[q,v(q)] - t^ .(q). (2.14) 
Compensated and uncompensated inverse demand functions are used exactly 
the same way as the Harshallian demand function. Note that the inverse 
demand functions are appropriate for the analysis of situations when 
quantities are predetermined and prices adjust to clear the market. For 
some theoretical results in inverse demand functions see Anderson (1980); 
Weymark (1980); Salvas-Bronsard et al. 1977; and Huang (1983). 
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For applications of the inverse demand systems in partial or complete 
systems context see Theil (1976); Christensen and Manser (1977), Heien 
(1982); Huang (1987); and Chambers and McConnell (1983). 
Properties of Consumer Demand 
The demand functions derived using the above methods exhibit certain 
properties which are fundamental to consumer behavior. Since the 
first-order conditions of consumer optimization problem produce consumer 
demand functions, the properties of demand functions are related to 
second order derivatives. The matrix of second order partial derivatives 
demand from utility maximization problem is known as Hessian, while from 
distance function is known as Antonelli matrix. The matrix of 
derivatives formed from Marshallian demand function is known as Slutsky. 
In this section the relationship among Slutsky, Hessian, and Antonelli 
matrices are presented. No originality is claimed here. The relevant 
results are collected here to show the usefulness of knowing these 
relationships to switch from one functional representation to another. 
These matrices also explain the properties related to consumer demand. 
The general restrictions of consumer demand, namely homogeneity, 
symmetry, adding-up, and negativity are also outlined. 
Slutsky. Hessian, and Antonelli equations 
In the classical demand analysis, the first order conditions given 
by (2.2) and (2.3) are used to study the shifts due to changes in prices 
and income in a comparative statistics paradigm. Differentiation of 
first order conditions result in the so called "matrix of fundamental 
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equation" (Barten, 1964; Theil, 1975) 
r^jk Pji r "I 
L Pk ° J |_ -dx _j Ldy-qdpJ ' (2.15) 
where Uj^  is the (n x n) Hessian of the direct utility function and the 
(n + 1) X (n + 1) matrix is the hessian bordered by the price vector (let 
this be H). Assuming the inverse of the bordered Hessian exists the 
system (2.15) can be solved for, 
These equations are known as the Slutsky equations which states that the 
response of a utility maximizing consumer to a change in price can be 
decomposed into two effects: a response to a price change holding the 
utility level constant known as the pure substitution effect, and a 
response due to change in income keeping prices constant known as income 
effect. Often the Slutsky condition (2.16) is expressed in elasticity 
form, 
ii.âa- -,!2i (2.16) 
"jk - ®jk I ; - "k Ij (2.17) 
where e jj^  is the elasticity of commodity q^  with respect to Pj^ ; and 
'J 
is the elasticity of commodity q with respect to p keeping 
j k 
utility constant; w^  is the budget share for k^  ^commodity ; and q. is 
J 
the income elasticity of commodity q^ . 
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It is easy to see that the Slutsky matrix, is given by the 
(n X n) first principal minor of the inverse, H of the bordered 
hessian H. In fact, the inverse of H is given by, 
where Sj^  is the jk - th element of the Slutsky matrix and it is 
symmetric and negative semidefinite. Also, by Young's theorem (see 
Deaton and Muellbauer, 1980b, p.44) 
. _A_ . !Ss (2 19) 
3% apj apfc 3Pk apj apj ' ' 
Thus, the elements of 9gj/8p% terms in Slutsky matrix, S is symmetric. 
And, since the utility or cost function is concave, S must be negative 
semidefinite. Analogous to symmetric semidefinite Slutsky matrix formed 
by the second order derivatives of the direct utility or cost function, 
the second order derivatives of the distance function form what is known 
as Antonelli Matrix. The elements of the Antonelli matrix, 
fijk " (2.20) 
These terms can be interpreted as the effects on the price the consumer 
is willing to pay for one more unit of good k if an increase in q is 
imposed upon and the consumer stays in the same indifference curve. In 
fact. Hicks (1956) used the elements of Antonelli matrix to classify 
complements and substitutes. Accordingly commodities j and k are 
referred to as "q-complements" if aj^  > 0 and "q-substitutes" if 
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j^k ^  Such a definition of commodities is widely used in empirical 
application of commodity taxation (see Deaton, 1979}. 
Because of the principles of duality one would expect a relationship 
between Antonelli and Slutsky matrices. This is given by 
S - ySAS, (2.21) 
and 
A - yASA. (2.22) 
Thus, S and A are generalized inverses of one another'. These 
relationships also allow passage from one type of demand function to 
another. Thus, the Slutsky matrix can be calculated from the estimates 
of indirect demand function, while the Antonelli matrix may be calculated 
from ordinary demand functions. Noting that the distance function is 
defined as a function of the utility level u and quantity q, given by 
(2.10), and using the expression (2.13) we have, 
~ âdTaû • (2.23) 
Cross multiplying and differentiating with respect to q^  at constant u 
and rearranging we get 
A + Ô a , r' + r r' - T (I - r q') H (2.24) 
a 
where r • p/y; a.u is the vector with jth component a.; a. is 
) A 
S d/3q.3u, fi is -1/a'd and d is set to one. Equation (2.24) shows the 
J 3u 
relationship between Antonneli and Hessian matrices (Stern, 1986, 
pp. 224-296). 
22 
The characteristics of the two matrices imply that the demand 
functions exhibit generic properties which can be derived frequently from 
the "fundamental matrix equation" (equation 2.15). However, such an 
analysis involves the assumption of differentiability of demand which is 
equivalent to deriving the demand from the strictly quasi concave 
monotone increasing differentiable utility functions so that the Hessian 
is nonsingular and negative semidefinite. For a survey on the 
assumptions and conditions of differentiability refer to Barten and Bohm 
(1982). The basic properties of the demand functions are homogeneity, 
adding-up, symmetry and negativity. These are discussed next. 
Homogeneity 
Hicksian demand functions are homogeneous of degree zero in prices, 
while Marshallian demand functions are homogeneous in prices and total 
expenditure or income. This means that if all the prices and income are 
multiplied by a constant c, the optimal quantity demanded remains 
unchanged. This property of demand equations is also referred to as the 
"absence of money illusion". And could be operationalized by Euler's 
theorem. Application of this theorem to the demand function, (2.4) 
gives 
Ï 95^   ^Ty • "•'îj • «•") 
Dividing all elements in (2.25) by q^  yields, 
n 
Ï + Hj • 0. (2.26) 
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Hence, an implication of homogeneity restriction is that the sum of all 
direct and cross-price elasticities (ey's) is equal to the negative of 
the income elasticity (Hj's). Note that this condition is automatically 
satisfied by demand systems obtained by constrained maximization of a 
specified utility function*. 
Adding-up 
This property is the result of a linear equality budget constraint. 
Thus the demand functions are such that the sum of the expenditures on 
different commodities should be equal to the total eiqsenditure of the 
consumer. Differentiating the budget constraint with respect to y and 
manipulating algebrically the adding-up restriction can be expressed in 
expenditure elasticities, 
Z w.Hj - 1 (2.27) j ] : 
where w is is the budget share. This implies that the sum of the 
expenditure elasticities weighed by the budget shares equal one, and is 
popularly known as Engel aggregation (Frisch, 1959). 
Similarly, differentiating the budget constraint with respect to the 
price of a particular commodity, ceteris paribus yields 
Ï "j'jk " -»lt (2-2*) 
where is the cross-price elasticity of jth and kth commodity and Gjj 
is the own price elasticity. Equation (2.28) that the sum of the own 
price and cross-price elasticities weighed by their budget shares is 
24 
equal to the negative of the budget share of the kth commodity. This is 
often referred to as Cournot aggregation. 
Symmetry 
Since consumer choices are consistent, the compensated response 
should be symmetric. The contribution by Slutsky (1915) is useful in 
determining this property. As described earlier, Slutsky equation 
relates to the rate of change of consumption for price changes when money 
income is held constant, to the corresponding change when real income or 
utility is held constant. This relationship is given in equations (2.16) 
and (2.17). Symmetry of compensated price effects is test of the 
consistency of consumer choice. 
The substitution matrix has also an important function in 
classifying goods as con^ lements and substitutes. Following Hicks 
(1936), a definition which is now standard, goods j and k are conçlements 
if Sj^  Is negative; they are substitutes if Sj^  is positive. Other 
definitions based on substitutability are also available (see Oeaton and 
Muellbauer, 1980b and Johnson et al. 1984). 
Negativity 
The matrix formed by the elements of the first derivatives of demand 
with respect to prices should be negative semldefinite. This property 
follows from the assumption of quaslconcavlty of the direct utility 
function which renders the second derivative with respect to any price 
negative. This provides a check for consistency of well behaved utility 
function. 
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Applications The Slutsky conditions namely homogeneity, 
symmetry, and adding up restrictions provide empirically testable 
hypotheses to test the rational consumer behavior. Household survey data 
are often used to test consumer theory, but the applications suffer from 
a number of factors such as the lack of variability in price; demographic 
scaling aggregation issues, etc. (Salvas-Bronsard, 1978; Benus et al. 
1976; Hymans and Shapiro, 1976.) Aggregate or market time series data 
are also used to test theory, but under conditions of satisfying the 
requirements of aggregation. These are discussed in Chapter Three. 
Revealed Preference 
In the neoclassical model of consumer behavior, the existence of the 
preference ordering is the starting point for deriving properties of 
demand functions. It remained so until Samuelson's (1938, 1947, 1948) 
revealed preference hypothesis. Under revealed preference, the 
restrictions or properties of demand are established directly with axioms 
on the preference orderings. This approach has the specific advantage of 
being establishing the existence and convexity of indifference curves 
rather than accepting them implicitly as in the neoclassical model of 
consumer behavior. 
The foundation of revealed preference theory is the revealed 
preference axiom, which states that a bundle q (p^ ,y^ ) is revealed to be 
preferred to q(p^ ,y^ ) (written as q(p®,y^ ) R q(p^ ,y^ )) only if 
p®.q(p®,y®) 2 p^ .q(p^ ,y^ ). In other words, revealed preference 
conditions provide a complete list of restrictions imposed by maximizing 
behavior in the sense that every maximizing consumer demand behavior must 
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satisfy these conditions and all behavior that satisfies these conditions 
can be viewed as maximizing behavior (Varian, 1978). 
The Weak Axiom of Revealed Preference (WARP) holds that if 
g(p^ ,y^ ) R q(p^ ,y^ ) then it need not be the case that 
R q(p^ ,y^ ). This follows from the model of preference 
maximizing behavior. The main question is: if demand functions satisfy 
the WARP does the ordering R completely characterize the preferences 
Unfortunately, it does not. In order to achieve the above, the axiom 
needs to be strengthened. A bundle q(p^ ,y^ ) is indirectly revealed to be 
preferred to q(p^ ,y^ ) (written as q(p®,y®) R* q(p^ ,y^ ) if there is a 
sequence of bundles q^ , q^ , ... q" such that q(p^ ,y^ ) R q^  R ..., R q" R 
q(p^ .y^ ). 
This leads to the Strong Axiom of Revealed Preference (SARF) which 
states that if q(p^ ,y^ ) R* q(p^ ,y^ ) then it is not the case that q(p^ ,y^ ) 
R q(p^ ,y^ ). Demand functions satisfying SARF can be used to recover the 
preference ordering consistent with the demand behavior. Thus, the 
strong axiom itself gives a complete characterization of the restrictions 
on demand behavior that arise from the preference maximizing model. 
Revealed preference also provides a basis for certain nonparametric tests 
of consumer behavior, construction of index numbers of cost of living 
and pave way for welfare analysis. 
Other Topics and Some Extensions 
One of the main concerns of the neoclassical consumer behavior is 
that it does not accommodate the introduction of new commodities or 
consumer's reaction to quality variations. To overcome this problem. 
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Becker (1965) and Lancaster (1966) suggested a model of behavior that has 
become generally known as Household theory. The key assumption in this 
approach is that consuming units derive utility from some underlying 
goods that cannot be bought in the market. These goods are produced 
using endowments, technology, and goods sold in the market. In essence, 
this approach suggests that consuming units demand a produce for 
characteristics (or quality) and that consumer utility in turn depends 
upon product characteristics. The Becker-Lancaster model can be written 
Max u(X Q J ,^ Xgg, ...f 
subject to 
Z Xjqjç • *oj •••" (2.29) 
c Pkik - y 
where the utility function u is defined over the set of characteristics, 
Xgj j-l,...,m and the budget constraint is defined over the set of 
commodities marketed. For a discussion on product characteristics model 
and their applications see Boyle, Gorman, and Pudney (1977); Pudney 
(1981a): and Ladd (1982). 
There are number of other extensions of the neoclassical theory. 
These include allocation of time to leisure (Abbott and Ashenfelter, 
1976; Barnett, 1979a, 1981); inter-temporal allocations and dynamic 
models (Fhlips, 1983); and issues of uncertainty (Khilstrom, 1974), and 
expectation formations (Attfield and Browning, 1985). 
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In all of these approaches and frameworks the assumption of 
rationality is maintained. Recently, considerable attention has been 
given for probabilistic choice models which treats utility as random. 
The probabilistic models studies the consumer behavior in situations 
where decisions are made from a finite set of alternatives (usually 
discrete in nature). Examples are decisions on food stamp participation, 
travel model, residential and work location, and brands of commodity 
purchase. For a discussion on these models see McFadden (1981). 
Concluding Remarks 
In this chapter, the theory of consumer demand was examined. This 
theory is based on axioms of rational decision making which defines a 
complete preference ordering. The assumption of utility maximization 
hypothesis and the axioms form the basis of optimal consumption decision 
making process. The properties of consumer demand that are derived 
through this framework provide empirically testable hypotheses of 
rational consumer behavior. 
However, the empirical analyses are concerned with deriving 
meaningful relationship between aggregates. In this respect, the 
consumer demand and market demand can be distinguished. The transition 
of consumer demand to market demand involves aggregation. In the next 
chapter, several approaches to aggregation and their assumptions and 
limitations are outlined. 
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End Notes 
1. For an illustration on this. See Beaton 1986. 
2. For an application of welfare measure using indirect utility. See 
Jorgenson, Lau, and Stoker (1982). 
3. For a definition and discussion of the generalized inverses. See 
Theil (1979, pp. 268-270). 
4. For example, Linear Expenditure System (Stone, 1954). 
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CHAPTER III. AGGREGATION, SEPARABILITY AND MARKET DEMAND 
"The market is a phenomenon of economic e^ qperience, and if the 
e3q>erienced real possibility can be joined with a demonstrated 
logical possibility in a well defined context, the way remains 
open for some claim that the phenomenon can be understood. While 
the market is no doubt e3q>erienced also as a micro phenomenon, 
the logical possibility involves only new characteristics 
described by the aggregates..." 
Afriat (1980, p. 4). 
Introduction 
In this chapter an attempt is made to discuss such topics as the 
link between the individual consumer theory and market demand; 
aggregation conditions; separability and its implications ; and so on. 
The main objective here is to review the various approaches in 
aggregation and show the conditions required to derive consistent 
results. The consequences of such conditions as well as other 
assumptions needed such as separability is also critically discussed. 
Market demand and aggregation over consumers 
Under competitive market conditions market demand functions are 
defined by summing the individual demand functions of all consumers. In 
spite of a well established individual consumer theory for a long time, 
the comparable properties of market demand functions are understood only 
recently. The transition from the individual consumer behavior to the 
analysis of market demand is termed as "aggregation problem". 
Aggregation theory deals with providing conditions under which market 
demand functions behave as if they were the outcome of a fictitious 
"representative consumer." (For a discussion on these topics see Shafer 
31 
and Sonnenschein, 1982; Deaton and Huellbauer, 1980b; and Daal and 
Merkies, 1984.) The inq>ortant results are discussed below. 
Market Demand Function as Summation of Consumer Demand Functions 
Arrow's (1963) theory of social preference, in particular to his 
"(im)possibility theorem," shows that it is impossible to aggregate 
individual preferences. To circumvent the problems associated with 
aggregating individual utilities; aggregation of individual demand 
functions derived from the individual consumer theory is suggested 
(Nataf, 1953; Eisenberg, 1961; Fearce, 1964; Chipman, 1974; Jerison, 
1984). The various approaches to aggregation of demand systems are 
illustrated in Figure 1. There are basically two main approaches in 
aggregating individual demand equations namely consistent and 
nonconsistent aggregation. 
Consistent Aggregation 
Consistent approach to the problem of aggregation deals with the 
conditions under which the micro theory is carried over to the market 
aggregates or constructing the appropriate aggregates of the 
microvariables that are consistent with micro theory. In dealing with 
consistent aggregation there are two notions: that of the 
"representative consumer" and the notion of nonrepresentativity. With 
respect to the former, Fearce (1964) and Huellbauer (1975, 1976), are 
examples while with respect to the latter, Lau (1977b) who coined the 
termed "exact aggregation" is an example. 
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Figure 3.1, Schematic representation of different approaches of aggregation 
of demand systems. 
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Representativity 
Usually market demand functions derived as aggregates of individual 
demand functions are postulated to be a representative of an average 
consumer, and the associated empirical model is implemented on the basis 
of aggregate time series on prices, per capita consumption and per capita 
total expenditures. What are the in^ lications of modeling an aggregate 
consumer behavior based on per capita expenditure and quantities 
consumed? The classic result by Antonelli, 1886, (in Chipman et al. 
1971) which was later on independently discovered by Gorman (1953) and 
Nataf (1953) states that the market demand function is independent of 
distribution of income and is a consumer demand function if and only if 
preferences are homothetic and identical. Nataf stated that the 
individual functions must contain a term that is linear in income with 
the same income coefficients for all individuals. Gorman (1961) and 
Somermeyer (1974) also showed a similar result which implies that for 
aggregate demand to exist individuals must have identical marginal 
propensities to spend. They showed that the most general demand system 
compatible with aggregation and with individual utility maximization is: 
«Jh " 3^ * • • V • 
where and \p are linear homogenous functions of prices p^ ..,p^ ; h- 1... 
n p. 
H individuals. Assuming = 2, pj and ^  = n Pj**, the above system 
becomes the famous Linear Expenditure System, (LES), 
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Pj'ljh - PjTjh + Pj (y^  - % PjTj) (3.2) 
where /j and are parameters such that and %Pj • 1. This 
system is not only linear in income but also in prices; and is compatible 
with utility maximization process (Stone, 1954; Geary, 1950). Since the 
Pj which are defined as the marginal propensity to consume are assumed as 
the same for all individuals, equation (3.1) can be aggregated into 
aggregate demand and expressed as a function of prices and per capita 
income, regardless of the distribution of income. So the common form of 
LES used in estimation are 
- PjTj + Pj(y - t PjYj) <3-3) 
where the symbols bar now represents the estimate of an average or 
representative consumer. 
Homotheticity and linear aggregation 
Underlying Gorman's work is linear aggregation in which consumer 
demands are linearly related to expenditure or income. Gorman conditions 
imply that consumers preferences are quasi or marginally homothetic. 
Quasi homotheticity is sufficient for consistent aggregation over 
consumers. 
Preferences are said to be homothetic if the utility function is a 
monotonie increasing function of a function which has the property of 
being homogeneous of degree one. That is, for some normalization of the 
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utility function, doubling the quantities of all goods doubles utility. 
If preferences are strictly homothetic, linear Engel curves pass through 
origin, and income elasticities are unitary. On the other hand, quasi 
homotheticity implies unitary elasticities only as income increases 
indefinitely. 
The assumption of homotheticity is quite restrictive and 
inconsistent with the observed empirical regularities in the behavior of 
the individual consumer. For exançle, commodities not consumed at low 
budget levels is immediately excluded from higher income allocation 
bundles. Also, the assumption of homotheticity is inconsistent with 
Engels law which states that the proportion of expenditure on food 
decreases with the increase in total eiipenditure. Strict homotheticity 
is equivalent to homothetic separability (Blackorby et al. 1978). Based 
ott this, some economists have suggested that such an assumption may be 
reasonable to broad categories of goods. However, selected indirect 
tests conducted by Carlevaro (1976) and Boyce and Primont (1976) 
suggested otherwise. 
Approaches to consistent aggregation 
There are basically three approaches to consistent aggregation. The 
first type is Pearce's approach. The other two types are Muellbauer's 
(1975, 1976) generalization of Gorman's linear aggregation to nonlinear 
aggregation and Lau's (1982) theory of exact aggregation. The various 
approaches in aggregation are discussed next. 
Pearce's approach In this approach the representative income is 
H 
y " g % y^  where H is the number of individuals, that is, simple average 
h 
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of individuals income. Then under the condition of homogeneity of 
individual demand specification aggregate demand is given by 
Qj • «j + *jy + Û y^. (3.4) 
where % p.q. • y is the budget restriction for the average consumer and 
j : J 
ôy^  represents a characteristic of the income distribution where 6 is 
defined by 
' " H Ï ' s 
h 
When income distribution does not change, Ô remains as a constant. 
Under this assumption and given the symmetric nature of Slutsky matrix 
Pearce showed that Slutsky elements with respect to 6 is symmetric if and 
only if are identically zero. 
For the case p " 2 (considered by Pearce), using a quadratic linear 
Engel curve, the aggregate demand function is given by 
Qj - y + Vij Ô y' (3.6) 
2 
where Ô - 1 + cv where cv is the coefficient of variation of income 
distribution. The above equation indicates that omitting Ô in aggregate 
time series analysis and estimating aggregate demand relationships based 
on just q and y imposes a serious bias. This effect is sometimes 
referred to as aggregation bias. One possibility of avoiding this bias 
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2 is to try to find an estimate for cv and substitute fi • 1 + cv before 
estimating the aggregate relationship. 
Muellbauer's Approach Muellbauer (1975, 1976) approached the 
problem of representativity by examining the conditions under which 
average budget share of each good could be expressed as a function of 
prices and a single indicator of income which is not necessarily mean 
income. This indicator of income or expenditure is referred to as a 
representative level of total expenditure say, which itself can be a 
function of distribution of expenditure and of prices. The 
representative consumer is now a fictitious agent and is representative 
of only market behavior. Given the total eaqienditure, e, the budget 
share of the representative consumers exists such that 
a log e(u ,p) y, a log e. (u. ,p) 
' a log Pj " h ^  3 log Pj (3.7) 
where is the cost function of individual h, with utility 
u^  " u(yy^ ,p). Muellbauer's approach is a generalization of Fearce's 
approach extended to nonlinear aggregation. He showed that for 
consistent nonlinear aggregation of the above form, the cost function 
must be, 
eh(\.P) " ®jjCujjta(p),b(p)] + *^ (p) (3.8) 
where a(p), b(p) and ^ (^p) are linearly homogenous functions of prices, 
and is linearly homogenous in a and b. Over all consumers the ^ (^p) 
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functions must add to zero, and the representative cost function take the 
form 
for the same functions a(p) and b(p), while keeping u^  constant. By 
definition, the representative expenditure, will be some point In the 
expenditure distribution, the position of which Is determined by the 
degree of nonllnearlty of the Engel curves and by the price vector, p. 
Further, If the representative level of expenditure, y^  is made 
independent of prices, the cost function must take the form 
Where is some constant. This case is known as price independent 
generalized linearity (PIGL). 
With a " 1, PIGL is essentially the Gorman polar form and the Engel 
curves are linear; otherwise a controls the shape of Engel curves. When 
a tends to zero the above expression for a representative household 
becomes, 
log e (u^  ,p) « (1 - u^ ) log a(p) + u^  log b(p) (3,11) 
which is known as logarithmic price independent generalized linearity 
(PI6L0G) form of cost function (Deaton and Muellbauer, 1980a, 1980b). 
For PIGL case the representative expenditure y^  is given by 
e(Uo,p) - 0[u^ , a(p), b(p)] - y^  (3.9) 
%(%,p) - {a(p)® (1-u^ ) + b(p)® u^ }*/* (3.10) 
(3.12) 
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Since it is linearly homogeneous in y's, we can write y^  • K^ y where 
summarizes the combined effects of nonlinear Engel curves and an unequal 
distribution of esqpenditures. The aggregate demand relationship 
corresponding to (3.10) renders Qj; a function of both y and of the mean 
of order (1-a) of the outlay distribution. Hence if a * -1, the Engel 
curves are quadratic and is given by 
- 1 + o^ /yZ (3.13) 
2 
where o is the variance of expenditure distribution. For FIGLOG case we 
have 
Kg - H/Z (3.14) 
where H is the number of households and log Z is Theil's (1967) entropy 
measure of dispersion which is equal to - £ In(S^ ), is the share of 
income of household group i. 
Recently Jerison (1984) attempted to provide necessary and 
sufficient conditions for demand functions to aggregate pairwise with 
each member of an arbitrary open set of fixed income distributions; 
instead of a single fixed income distribution. He showed that pairwise 
aggregation for a set of demand functions occurs under fixed income 
distribution only if individual consumer demands are of Muellbauer's PIGL 
form. This result indicated a closer relationship between Muellbauer's 
approach to aggregation and pairwise aggregation. 
Furthermore Jerison (1984) showed that the sufficient conditions for 
mean demand to aggregate pairwise also satisfy weak axiom of revealed 
preference. Freixas and Mas-Colell (1983) has also linked PIGL form 
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representation for mean demand to satisfy the weak axiom of revealed 
preference when the distribution of income is fixed. These results 
suggest a broader implication of Muellbauer's approach and PI6L form to 
aggregation problem. 
Theory of exact aggregation Lau (1977b) attempted to model 
aggregate consumer behavior by recognizing the fact that there may be a 
number index functions characterizing the impact of individual 
eaq)enditure on aggregate demand and is known as Theory of Exact 
Aggregation. A notable feature of this theory is that the index 
functions may also depend upon demographic characteristics, giving rise 
to differences in consumer preferences. The fundamental theorem of exact 
aggregation is: 
An aggregate demand function can be written in the form 
H 
I y^ i ^2,* ** 1^* ^ 2' '* ' 
2^* **' 1^' ^ 2* *** * ' 
gj^ Cy^ » 2^,* y^ I A^ , ^ 2' ••• ] (3.15) 
where gg(*"l, 2 ... L) is a nonconstant function which is symmetric 
with respect to individuals (1, 2 ... H}; A represents demographic 
characteristics or attributes; and there exists no functional 
relationship among the functions g2(A=l, 2 ... L), that is, there 
exists no nonconstant function G such that G(g^ , g^ , .. g^ ) = 0; the 
price vectors p^ , p^ , .. p^  are such that the system of functions 
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given by F(p, g^ .. g^ ) is invertible in g^ , g^ , .. g^ ; and the 
function F(p^ , g^  ... g^ ) is nonnegative (Jorgenson, Lau, and 
Stoker, 1982, p. 104). 
The implications of this theorem are: 
1. All the individual demand functions for the same commodity are 
identical up to the addition of a function independent of 
individual expenditure and attributes. 
2. All the individual demand functions must be sums of products of 
separate functions of the prices and of the individual 
expenditure and attributes. 
3. The aggregate demand functions depend on certain index functions 
of individual expenditures and attributes. The only admissible 
index functions are additive in functions of individual 
expenditures and attributes. 
4. The aggregate demand functions can be written as linear 
functions of the index functions. 
Note that rather strong conclusions are drawn from relatively weak 
restrictions on individual demand functions. No assumption was made 
about utility maximization and derivation of individual demand functions ; 
the only assumption made was that individual demand functions exist and 
are well defined. 
This notion of exact aggregation is actually a generalization of 
what is known as "consistent" aggregation following Green (1964). In 
fact, Nataf's theorem is a special case of Lau's framework. For example, 
if there is only one index function and if this is taken to be g. = % y., 
 ^ h " 
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aggregate e;q>endlture, then exact aggregation theorem Implies that for 
given prices, all consumers must have parallel linear Engel curves. 
Further, if demand functions are restricted to be nonnegative for all 
prices and expenditures, then for given prices all consumers must have 
identical linear Engel curves. This is Gorman's (1953) 
characterization, corresponding to equation (3.1). 
Again, the problem of "exact aggregation" posed by Lau (1977b) and 
later on by Stoker (1984) is a generalization of Muellbauer's approach 
allowing the income y to be vector valued and to depend on consumer 
attributes other than income. However, the consumers demand functions 
satisfying exact aggregation condition are not representative in 
Muellbauer's sense. In fact, Muellbauer's condition is a special case of 
Lau's theory of exact aggregation where the number of indices L in 
equation (3.15) equal to two and the first index function 
l^^ l^' ^ 2' " " h^^  " Z 7]^ » equals to aggregate e^ qpendlture. In terms 
h 
of the above notation, Muellbauer's representation of a representative 
consumer is given by 
g 'jh'P-V " Xz" -yh'P" V-
j=l, 2,...n. (3.16) 
Thus, for two indices Lau's approach is identical to the approach of 
Huellbauer with the assumption of identical consumers who maximize their 
utility. 
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Inconsistent Aggregation 
In empirical analysis, not much attention is paid to the 
requirements of consistent aggregation. In most cases, they are assumed 
to exist or in some cases it is often ignored. This situation is 
troublesome with regards to evaluating the results of empirical analysis. 
So often market or macro relationships are derived from micro foundation 
through analogue reasoning. Accordingly, there exists an imaginary 
individual whose micro relation exactly coincides with the market 
behavior. So estimation is applied in terms of this micro behavior and 
inferences drawn for the macro relation. Suppose, if one assumes that 
this imaginary individual has values coinciding with the average of the 
market variables, the market relation is given by 
Q • f(q^ , qg, ...^ ). (3.17) 
Obviously an error in introduced in using such a relationship. This 
error known as aggregation error is given by 
B • J f(q) *(q) dq - f(q). (3.18) 
Where f(q) is the probability function of actual market variables; *(q) 
is the density function of market variables. It is important to note 
that (3.18) is only an approximation. The common approach of expanding 
the model using Taylor series, ignores certain higher order terms. 
Sometimes this remaining error could be considerable. 
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Convergence approach 
A different approach to aggregation is that which is based on an 
asymptotic analysis as the number of consumers H increases indefinitely. 
Let H be the number of consumers (h - 1,...,H) and consider the micro 
behavior represented by the Rotterdam demand system, 
Vjh d log qjj^ /dt - P' d 1®8 y^ /dt 
* P- V  ^ V''* (3 19) 
where the consumer's marginal propensity to consume commodity is 
"jh • Pj »9jh/»yh' 
and the Slutslqr coefficients are defined for j, k"l,...,n by 
f2ih 
 ^ h^ u^  • constant 
Let ji " (lij, ..., ' and S - such that j, k • 1 n 
Ûj - (3.20) 
Sjk - :(yh Sjkh)/E(yh) (3-21) 
Note that jl and S are called as macro coefficients. They vary over time 
and are population versions of weighted average micro coefficients, with 
weights proportional to the corresponding incomes. This is basically 
convergence approach where the macrocoefficients are treated as the 
expectations of microcoefficients. Theil's (1975) aggregation of 
45 
relative price version of Rotterdam model follows convergence approach. 
But, the assumption of esqpressing macrocoefficients as simple 
expectations of microcoefficients is advanced only as an approximation. 
Ihe convergence approach to the aggregation problem assumes that over the 
set of individuals who are aggregated, there is stochastic independence 
of the factors determining their behavior (in terms of prices and income) 
and the way they react to these common factors (pj^ s^ and Sj^ 's). A 
different result is obtained when this condition is violated. 
Convergence approach offers an alternative to the fixed expenditure 
distribution assumption implied under consistent aggregation. The 
average demand is given by (Theil, 1975; Barnett, 1979b, p.112) 
Wj d log qj/dt • Ûj d log y/dt + 
n _ 
®jk ^  + 
Cov(mj^ , \)/E(yj^ ) (3.22) 
1 H 
where - d log y^ /dti - Hj)i - (g) q^  ^and 
PiSj 1 
Wj • -jj . Note from Khinchine's theorem gly^  ^• E(y^ ) +0^ (1). So in 
expressing (3.22) we have deleted a term of 0^ (1) has been deleted, since 
in applications H is typically large. Further S is symmetric and 
n _ n 
Z Uj  • 1 and X s.. - 0 if for all t eT and h - 1 H the values 
j-1 J k-1 J*-
of jl, S, E(yj^ (t)), E(Vjj) and E(v^  mj^ ) i • 1,..., n are finite. Also, it 
is assumed that at any fixed t e T, the H random vectors of consumers 
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characteristics (y^ (t), A^ ) are independently and identically distributed 
with distribution function These assumptions also form the basis for 
stochastic aggregation approach proposed by Theil (1975, 1976) and Barten 
(1974) which was extended later on by Bamett (1979b). Using such an 
approach Bamett (1979b) suggested that rejection of theory using 
Rotterdam model would reflect the existence of non-negligible 
non-symmetric aggregation biases rather than any violations of 
theory. 
Consequences for Empirical Work 
Since most of the empirical research uses aggregate data, it is 
worth considering the estimation issues for aggregation. This is tied 
intimately to the degree of nonlinearity in expenditure variable. If we 
want to use Nataf's theorem, the individual functions are linear income. 
As we saw above, this implies homotheticity which is against the 
empirical regularities of the real world. But we also meet an additional 
difficulty of finding an appropriate aggregation formulae which are based 
on individual parameters that are generally not known. In roost cases the 
available statistical aggregates are merely arithmetic averages, while 
theory required often more sophisticated aggregates such as geometric or 
harmonic means. 
On the other hand, if individual demand functions has quadratic 
expression in income and further, the objective of the empirical exercise 
is to recover parameters describing the time series relationship based on 
mean aggregates, then the aggregation bias depends on the importance of 
quadratic term and the sample covariance (over time) between the first 
and second order movements of income. 
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Empirical analysis 
Recognizing the Importance of incorporating distributional 
statistics in demand estimation some economists have attempted to 
Incorporate them eicplicitly. For instance, Berndt et al. (1977) used the 
Information on proportion of consumers in Income classes to approximate 
the effect of Income distribution on aggregate consumer demand. They 
were primarily interested in comparing different demand systems and 
Included the effects of Income distribution for theoretical consistency, 
while Van Doom (1975) and Simmons (1980) were interested in actually 
measuring the effects of the income distribution on demand. Simmons 
(1980) showed that different Income class may have different demand 
function, but still the demand function in each class was linear in 
e3q)endlture. On the other hand, Van Doom (1975) using the relationship 
that average consumption is related to geometric mean income, found 
little effect due to income distribution on consumption. But Blinder 
(1975) found that the distribution of income had an important effect of 
aggregate consumption. He showed that rich had higher propensity to 
consume than the poor. 
Using moment generating function of the log of income, Hahn (1988) 
showed that shifts in the distribution of income tended to Increase the 
demand for beef and decrease the demand for pork and chicken in the '80s. 
Unnevehr (1986) combined the Information from household survey data with 
the knowledge of income distribution to study the effects of income 
distribution on U.S. meat demand. She also found income distribution to 
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be important in explaining changing consumption patterns in beef and to 
some extent in chicken. 
While the above approaches are concerned with estimating demand 
systems consistent with aggregation, problems still exist. Most of the 
applications are either concerned with income distribution or a 
particular demographic characteristic distribution. Generally, the 
covariance between income and demographic variables are assumed to be 
zero. This is against the common belief that income may be correlated 
with other socioeconomic variables. 
It is important to note that aggregation is always possible with 
fixed distribution of income, even if we abandon maximization hypothesis 
in aggregates. Suppose y^  * ô^ y where represents the individual share 
in aggregate income, so that 
Ï ijh (yjh- p' " I ijh (V' p) 
- qjh 'y • P- " 
" ïî (y. p). (3.23) 
This function need not satisfy any of the classical restrictions other 
than homogeneity and adding up (Sonnenschein, 1973b; Mantel, 1977; 
Oiewert, 1977; Andreu, 1982). This is elaborated in Chapter Five. 
Integrability 
Interest may also center on conditions under which a system of 
demand functions will behave as if generated from a consumer optimization 
problem. These are known as integrability conditions. Accordingly, 
49 
systems of demand functions satisfying these conditions are termed as 
integrable. If the individual demand functions are continuously 
dlfferentiable, integrabllity implies the following restrictions. 
1. Homogeneity The individual demand functions are homogeneous of 
degree zero in prices and expenditure 
<ïjh • Qjh (cP.cy^ ) - c° (p,y), (3.24) 
where c is some constant. 
2. Summability The sum of weighted expenditures for each 
commodity in equal to total expenditure. That is 
n 
Ï Pj qjh " y ' (3.25) 
3. Symmetry The matrix of compensated own and cross price effects 
must be symmetric 
4. Nonnegativitv The individual demand are nonnegative 
q^ jj • qjjjCp.y) i 0 (j"l...n) for all prices p and 
expenditure y. 
5. Monotonicity The matrix of compensated own- and cross-price 
effects must be nonpositive definite for all prices and 
expenditure. 
Given the homogeneity, summability and symmetry the system of 
Marshalllan demand functions can be written as a system of partial 
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differential equation: (Jorgenson, Lau, and Stoker, 1982), 
a Jn V. p. q.. n a în V. 
ÎTnpJ -
The solution of this system of partial differential equation defines a 
family of indirect utility function. Similarly one could also integrate 
the Hicksian demand function defined for a particular utility level, to 
derive a well behaved cost function. The mathematical condition which 
ensures the recovery of a cost function, c, from the system of partial 
|~ - qj(c,p) • qj(y,p) turns out to be differential (Hicksian) function 
for all j,k (Hurwicz and Uzawa, 1971) 
aq; aqv aqi, 
ây 9i (/'P) ipT • IT 9j(y'P) + aT • (3-28) 
* J 
It can be easily noted that the left hand side of the above equation is 
singly the Slutsky substitution term s^ .^ The implication is that the 
symmetry of the Slutsky substitution matrix is the fundamental 
integrability condition of demand theory. 
The integrability conditions are empirically important as they imply 
a preference ordering. Conversely, if they are tested empirically and 
found to hold good, a preference ordering can be said to exist. 
Integrability and empirical demand systems 
Recovering direct or indirect utility function from the underlying 
observable demand system has also played an important role in welfare 
51 
economics. In terms of conqplete demand systems Lau (1976) has shown that 
many commonly used functional forms are inconsistent with integrability, 
or consistent only under very stringent conditions. His results are 
based on algebraically uniform system of demand functions such that real 
prices have the form Pj/y, where Pj is the price of good j and y is total 
e3q>enditure. However, in many practical situations one may be interested 
only in partial or incomplete demand systems. For instance, in an 
analysis of dairy market structure, frequently a demand system for milk 
and byproducts alone will be of interest, ignoring all other commodities. 
Until recently, very little attention was paid to such incomplete 
demand systems. Epstein (1982) has shown that there are some important 
differences between inconqplete and complete demand systems. In this 
context one must distinguish between local and global integrability. 
Global integrability pertains to the existence of a continuous, monotone 
quasi-concave utility function, over the entire range of quantities 
demanded. Local integrability, in contrast, pertains to the existence 
of well behaved utility function in the neighborhood of some point in the 
domain. 
Let the ordinary partial demand system to be estimated be 
qj " qj (p, r, y), j - 1, ..., n (3.29) 
where q^  is the set of commodities for which market demand is to be 
estimated, p is the corresponding normalized price vector; r is the 
normalized price vector for all other commodities, Zj z. (p, r, y) 
which are not observed; y is the normalized total expenditure. The 
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normalization is with respect to general price deflator to represent the 
cost of other goods; let this be n(r) which is twice continuously 
differentiable, positive valued, nondecreasing, linear homogeneous, and 
concave function of any nonempty subset of the prices of other goods. 
Assuming that the demand functions in (3.29) is twice 
differentiable, the normalized Slutsky term is given by 
Epstein (1982) has shown that for incomplete systems, the sufficient 
condition of local integrability of (3.29) must be strengthened to 
negative definiteness of Slutsky matrix, S and that expenditure on the 
first m commodities must be strictly less than income. 
y > Z Pjqj (p.r,y) . 
In general, sufficient conditions for the global integrability of (3.29) 
to an expenditure function that is regular with respect to p,r are 
complex and difficult to apply. The root of the problem is that there is 
insufficient information concerning the behavior of the expenditure 
function with respect to prices of other goods, r. LaFrance and Hanemann 
(1983) and LaFrance (1985) have demonstrated that this does not introduce 
serious difficulty so long as the analyst is mainly interested in the 
properties of the expenditure function or the indirect utility function 
with respect to p for given r, or the properties of the direct utility 
function with respect to q for given Z. 
j,k" l...n. (3.30) 
m 
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Using Hausman's (1981) definition for quasi-e3qpenditure function, 
LaFrance (1985) showed that the necessary and sufficient conditions for 
global integrability of a system of compensated demand functions to a 
quasi expenditure function e(p,r,8) that is regular only with respect to 
p are the same for incomplete systems as for complete systems except 
m 
that y > £ p.q. for all (p,r,y) e D is required to allow for positive 
j J J 
expenditures on the other commodities. The existence and regularity of 
the quasi expenditure function e(p,r,@) with respect to p is in turn a 
necessary and not a sufficient condition for the existence of the true 
expenditure function. Hence, the structure of conditional preferences 
for q*s with respect to z's are contained in the original structure of 
preferences. 
Recently, a number of models have appeared having sufficient 
parameters to provide second order approximation to an arbitrary 
community utility function. The flexibility of these models is severely 
restricted and in some cases totally destroyed (as with the translog) if 
global integrability is imposed. Hence, only local integrability is 
generally imposed on these models. Blackorby, et al. (1977) have shown 
that if integrability is required a priori over any finite region, the 
models become subject to serious theoretical limitations in their ability 
to model the preferences even of the representative consumer. 
It is important to understand that tests for integrability in the 
aggregate or macro model (called macro integrability) based on locally 
integrable models (such as translog) are tests for fundamentally 
different conditions from the necessary micro integrability conditions. 
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In testing integrability with the local integrable models, the maintained 
hypothesis is the existence of the models themselves. Before we convert 
this maintained hypothesis to a testable null hypothesis, we should 
consider the approximating properties of the unacceptable maintained 
hypotheses, on which the existence of the locally integrable models 
themselves depend. The problem becomes more severe when separability 
assumptions are imposed. Separability restrictions are commonly 
desirable so as to reduce the number of parameters to be estimated. The 
concept of separability in relation to market demand is discussed 
next. 
Separability and Market Demand 
The use of aggregate data for quantity or price indices requires the 
assumption that the utility function is separable in these aggregates. 
Separability in general implies that the marginal rates of substitution 
between pairs of goods in separated groups are independent of the levels 
of commodities consumed outside that group. Separability of preferences 
or utility function has important consequences for demand functions. The 
assumption of separability restricts the structure of demand system, but 
permits the use of aggregate data. Thus, separability is related to 
aggregation and is consistent with decentralization in decision making, 
or equivalently, optimization by stages. That is, the problem of 
aggregation across commodities has been solved by using separability 
concepts. 
In this section, the concepts of separability are defined and their 
use to market demand analysis is critically evaluated. The treatment 
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here is confined to provide sufficient background to interpret the 
behavioral conditions underlying the demand systems and for evaluating 
the results of the associated empirical applications. 
Weak separability 
Preferences as a whole are said to be weakly separable if q can be 
A B N partitioned into (q ,q , ..., q ) such that 
u - u(u^ (q^ ), Ug(q®) u^ (q^ )). (3.31) 
For further details on these definitions and duality theory see 
Blackorby et al. 1978b; and Johnson et al. 1984). 
More importantly, what are theoretical and empirical implications of 
assuming weak separability? Since u is increasing in sub-utility levels, 
it is immediately obvious that maximization of overall u implies 
maximization of sub-utilities subject to whatever is optimally spend on 
the groups. Hence, (3.31) implies the existence of subgroup demand 
Qj - qj(y^,P^) (3.32) 
A A A 
where y = p q , so weak separability assumption aids in representing 
goods in a hierarchical fashion. That is, goods in one branch (say food) 
are available in the market, with all other goods preallocated. This is 
commonly known as two-stage budgeting process (Strotz, 1957, 1959). 
Hence, weak separability is a necessary and sufficient condition for two 
stage budgeting process (Blackorby et al. 1978; Deaton and Muellbauer, 
1980b). 
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The immediate consequence of weak separability is that the demand 
for a commodity in a branch can be expressed as a function of prices and 
budget allocation of the particular branch. Thus, the total income and 
prices of goods outside the branch enter only through their effect on the 
budget share to the branch and when the budget allotment to the branch is 
known, one can ignore the prices of goods outside the branch. For 
instance, if preferences for a lifecycle model are weakly separable over 
time periods, commodity demand functions conditional in y and p for each 
time period are guaranteed to exist. Similarly, if leisure is weakly 
separable from goods, commodity demand functions of the usual type can be 
justified. All market demand functions implicitly assume a form of 
separability condition. For instance, an analysis of meat demand assumes 
separability between meat commodities and other food. Consequently, the 
level of disaggregation becomes an important issue in analyzing market 
structure. 
Econometrically, weak separability helps to reduce the number of 
parameters to be estimated. But, behaviorally it places restrictions on 
the degree of substitutability between different commodities in different 
groups. Following Gorman (1971), for i e A and j e B and A M B, the weak 
separability condition is equivalent to 
j v"constant • • 
(3.33) 
(3.34) 
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ay. ay, 
where - X^ , The relationship (3.34) is necessary and 
sufficient for weak separability and is often used to test the hypothesis 
of weak separability. 
Using this condition Byron (1968), Jorgensen and Lau (1975) and 
Fudney (1981b) found evidence for separability between goods within a 
single period, while Barnett (1979a) using time series data for U.S. 
rejected separability between goods and leisure. Deaton (1981b) found 
relatively little conflict with the separability assumption using a 
PIGLOG form of the cost function. Atkinson and Stern (1981) using the 
same data but adopting Becker's (1965) time allocation model produced 
opposite result. 
Host of these studies tested separability among broad categories of 
goods. Rarely separability is tested within groups of an aggregated 
group. Pudney (1981b) tested an a priori grouping, as well as several 
"optimal" groupings,'of twenty meat products using data from U.K. 
National Food Survey. He rejected weak separability in all cases. More 
recently, Bales and Unnevehr (1988) analyzed structural change in U.S. 
meat demand using separability tests. Their results indicated that 
consumers choose among meat products rather than among meat aggregates of 
a particular animal origin. Hayes et al. (1988) applied separability 
tests using AIDS model for Japanese meat demand. Their result conformed 
the separability assumption of weak form between meats and fish. 
Apart from serving,as a vehicle to derive subgroup demand functions 
separability also serves as a tool in selecting commodity composites and 
justify the demand function in terms of total expenditure and composite 
58 
price index. On the surface, Hicks (1936) composite commodity theorem 
appears to have solved this problem of commodity aggregates. 
Unfortunately, this theorem is based on constancy of relative prices. In 
a world of fluctuating prices this is highly implausible. In fact, one 
of the purposes of estimating demand parameters is to explain the effect 
of such changes in relative prices, income, and other demographic 
characteristics. 
Separability and existence of market aggregates 
Let u^ , Ug, etc. be the values of sub-utility functions and 
c^ (u^ , p^ ) be the subgroup cost functions corresponding to u^ (q^ ). Then 
the problem of choosing the group expenditure levels y^ , y^ , ..., can be 
written as 
max u - u(u^ , Ug, ...u^ ) 
subject to budget constraint. Note,. 
R —R ) 
^ ^ g -Rj (3.35) 
for some fixed prices p^ . For such a fixed vector, c^ (u^ ,p^ ) is a 
R —R 
welfare indicator or quantity index, while the ratio c^ (u^ ,p )/Cj^ (Ujj,p ) 
R "R R is a true (sub) cost-of-living price index comparing p with p using u 
as a reference (Pollak, 1975). Finally, since u^  • *a(CpXugy p*)), the 
utility function may be written 
max u - u(iii^ (c^ (u^ , p*), p*), *g(.) ), 
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subject to 
I CjK.P*) - y (3.36) 
=R<»Il'P ' 
which is a standard utility maximization problem in which the constant 
price utility levels c^ (u^ , p ) are the quantities and the indices 
R —R 
c^ (u^ , p i/Cg^ Upyp ) are the prices. Of course, neither of these 
quantities is directly observable and the foregoing analysis useful only 
«R 
to the extent that Cj^ (Uj^ ,p ) is adequately approximated by the constant 
R~R price composite q p and the price index by the implicit price deflator 
R R -R R p q /p q . The approximations will be exact under the conditions of the 
composite commodity theorem, but may be very good in many practical 
situations where prices are highly but not perfectly colinear. If so, 
the technique has the additional advantage of justifying the price and 
quantity indices typically available in the national accounts 
statistics. 
Without approximations, it is necessary to specify quantity indices 
depending only on quantities and price indices depending only on prices. 
Given weak separability such a formulation implies that subgroup 
functions are of "Gorman form", that is, 
"o " . (3.37) 
for suitable functions Fg, bg and a^ , the first monotone increasing the 
latter two linearly homogeneous. This implies that subgroup demand 
function exhibit unit elasticity for all goods with respect to group 
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expenditures and the utility function is additive with respect to 
subgroup functions.' 
In carrying out separability tests one should distinguish between 
"exact" test and "approximate" test. The former is performed under the 
assumption that the specified utility or cost function exactly represents 
the true underlying preference structure, while the latter assumes that 
the functional forms specified are only "approximations" to true unknown 
arbitrary function. The two approaches lead to quite different results 
even when the analysis is organized around the same functional form'. 
Yet another issue which deserves mentioning is the inflexibility of 
flexible functions with separability restrictions. Basically, a 
specified functional form which offers a local second order approximation 
to an arbitrary utility function may not similarly approximate, say an 
arbitrary additive utility function once its parameters are restricted to 
satisfy the global separability restrictions. (See Blackorby, Frimont, 
and Russell, 1977; Lopez, 198$). For exan^ le, Blackorby et al. 
(1978a, b) show that weak separability of translog implies either strong 
separability or homothetic separability so that the translog cannot model 
nonhomothetic weak separability. The possibility of imposing and testing 
restrictions locally (say at the sample mean) remains, but this is less 
attractive since it is difficult to discriminate between properties of 
the data generation process and the approximating properties of the 
functional form. 
Recent advances made in nonparametric approaches (Varian 1982, 1983, 
1985; Oiewert and Parkan, 1985) offers another alternative. But, the 
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power of such tests are still under question. For an application of 
nonparametic approach to demand for money see Swofford and Whitney 
(1986); and Belongia and Chalfant (1986). 
Strong separability and additivitv 
The utility function u(q) is termed strongly separable with respect 
to partition Ng, ...» if the marginal rate of substitution 
between two commodities i and j from different subsets I and J, 
respectively, does not depend upon the quantities of commodities outside 
of 1 and J. That is, 
a(u,/u.) 
•' - 0 (3.38) 
^ % 
for all i e I, j e J and k & I and J(I M J) and where and Uj indicates 
partial derivative of U with respect to q^  and q^ , respectively (Johnson, 
et al. 1984, p. 48). In this case, the utility function is additive with 
respect to sub-utility function. Hence, for some monotone increasing 
function, f 
U - f(Z VR(q^ )). (3.39) 
R * 
If each of the subgroup contains only one good, then preferences are said 
to be additive. 
Additivity has played important role in theory of consumer behavior. 
Theorists find it useful to impose additivity to derive results with 
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ease; while econometricians find it very restrictive but yet useful in 
estimation as a means of reducing the number of parameters to be 
estimated. The restrictive nature of additivity on the substitution 
possibilities can be understood in terms of Slutsky expression. Under 
strong separability which implies additivity, the substitution between 
two goods i and j in different groups can only take the form 
j^k • " âT sT • 
In elasticity terms, the relationship is given by (Frisch 1959; 
Houthakker, 1960), 
Gjj - * Hj - HjWj (1 + *nj) j - 1, 2, ... n 
®jk " j ' k (3.41) 
. where * is some scalar given by -^ i/y and the inverse 1/* known as the 
money Flexibility parameter (Frisch, 1959). From the above expression it 
is clear that given the data w^ ,^ the knowledge of the parameters (p and n 
are sufficient to confute the price elasticities. Consequently, one 
can use cross section or household budget data with little price 
variation to estimate price elasticities. Pigou (1910) showed that 
(3.41) can be approximated by 
Gjj = * Hj (3.42) 
which states that the own price elasticity is some proportion of income 
elasticity. Later, this has been called Pigou law by Deaton (1974). 
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There seems to be neither a priori reasoning nor any empirical support 
for such a proportionality relationship (additivity). For a fairly 
detailed disaggregation the problems are obvious. Tests conducted by 
Barten (1969), Deaton (1974, 1975a, 1975b), Theil (1975) suggest that 
additivity is generally does not hold even for broad categories of goods. 
However, strong separability restriction continued to be used for 
structuring and interpretation of preference patterns (e.g., Theil and 
Shum, 1981). Also, in analyzing product characteristics model of 
consumer behavior (pioneered by Gorman, 1956, 1980; Stone, 1954; 
Lancaster, 1966; and applied by Fudney, 1981a; Ladd and Savannant, 1976 
among others) it is assumed that preferences are additive in the 
transformed characteristics rather than in the market goods. 
Concluding Remarks 
Market demand analysis is concerned with finding a relationship 
between market aggregates. The theoretical implication of aggregation 
over consumers suggest that Gorman's conditions are both necessary and 
sufficient for integrability. These conditions imply homothetic or 
guasihomothetic preferences. Implicit in aggregation issue is also the 
separability assumptions. Weak separability is necessary and sufficient 
condition for two-stage budgeting process. But, this severely imposes 
restrictions on substitution possibilities. Strong separability implies 
additive utility function which is against all the empirical findings. 
Such assumptions also render flexible functional form inflexible 
questioning the implications of using separability assumptions to derive 
consistent demand elasticities. 
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To capture variations in tastes and income distribution, aggregation 
approach would require knowledge of the joint distribution of income and 
all of taste determining variables, which generally cannot themselves 
reasonably be specified. Some progress have been made in this regard 
(Muellbauer, 1977 and Lau's exact aggregation theorem). 
In Muellbauer's model of representative consumer individual 
preferences are identical but not necessarily homothetic. Furthermore, 
quantities consumed may be nonlinear functions of expenditure rather than 
linear functions as in Gorman characterization. An important consequence 
of this nonlinearity is that aggregate demand functions depend on the 
distribution of expenditure among individuals. Again in empirical work, 
one has to accept a bias or gather additional information about income 
distribution. 
The existence of representative consumer to overcome aggregation 
problem is still an issue. The available evidence shows that the problem 
exists even when all income vary proportionately, so that income 
distribution remains constant. Assumptions about homotheticity and 
consistency of distribution of income and prices are very crucial in this 
analysis. Such assumptions are quite restrictive and raises doubts about 
empirical validity of such models. Chapter Five elaborates this issue. 
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End Notes 
Using Hotelling's Lemma the compensated demand function are given by 
|-|j = hj (p,r,u) = gj [p,r,e(p,r,u)] 
Where e, is the expenditure function, hj is compensated demand for 
qj - h(p,r,e); and u is the consumers level of utility. Upon 
integrating the above system, we obtain a solution of the normalized 
expenditure form e(p,r,u) " e(p,r,9) where 6 is the unknown constant 
of integration. This quasi e:q>enditure function is linearly related 
to the true eicpenditure function and contains all the sufficient 
information to enable us to calculate welfare measures for changes in 
p and to ascertain the consumers conditional preferences for the q's. 
See Hausman (1981) and LaFrance (1985) for more details. 
For an empirical application of studying Gorman indices and 
consistent aggregates see Blackorby, Boyce, and Russell (1978a). 
See Denny and Fuss (1977) for a discussion and application about 
approximate separability test based on translog production process. 
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CHAPTER IV. MARKET DEMAND SYSTEMS AND TESTS OF THEORY 
Introduction 
Approaches to the specification of consumer demand models 
can be broadly grouped into three categories. First group of models 
are ad hoc specifications with in^ osition of the theoretical restrictions 
directly. The generalized Addilog models and Theil's Multinomial 
extension of linear Logit model are examples of this group. The second 
group of models are those that are derived from a specific optimization 
problems. The linear expenditure system the indirect addilog model are 
examples of this type. The third group of models are based on an 
approximations to an unknown and arbitrarily specified system. The 
translog model, almost ideal demand model and Rotterdam model are primary 
examples that belong to this category. For surveys of demand systems see 
Barten (1977); Deaton (1986); Johnson et al. (1984); and Bewley (1986). 
In this chapter, the demand models and extensions are discussed. 
The purpose here is to discuss different demand systems for their 
theoretical limitations and empirical content in food demand analysis. 
The flexibility and approximation in demand analysis is explored for 
disaggregated demand analysis. Results of the tests of Slutsky 
restrictions in empirical analysis are summarized and evaluated. An 
assessment of structural change in meat demand in the light of market 
demand theory is also provided. The representation of dynamics in demand 
systems is outlined. 
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Arbitrary Demand Systems 
In this section, generalized addilog demand system is reviewed as an 
example for arbitrarily specified demand system. These types of demand 
systems are arbitrary in the sense that they are specified as such and 
are not derived from a consumer optimization problem. 
Generalized addilog demand system 
Generalized Addilog Model (GAD) is given by 
n 
exp [Oj + % bjg ïn (pg) + b^  ^4n(y) + Uj] 
"J - : ^ (4.1) 
!n (pj) + b^ ,^ in(y) + Uj^ ] 
where Wj is the average budge share of the jth commodity, Pg is prices of 
%th commodity, y is total e9q)endlture; Uj are the disturbance terms. 
Usually, in order to identify the parameters in (4.1), a normalization 
n 
such as ^  b,. - 0 is used. This model reduces to addilog model when 
i-1 
bjjç - 0; j k j, k " l,...n, 
and 
bjy » -bjj j • l,...n. 
The resulting addilog model is the only widely used model within GAD type 
that can be derived from a utility function, thus satisfying the Slutsky s 
symmetry restriction by itself (Bewley, 1986). For empirical purpose, 
the GAD model is linearized as the logarithm of the ratio of pairs of 
budget shares: 
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m »j/w„ - (aj - o„) *ï^  (bj, - b„,) ln(p,) + (bjy - b^ y) ln(y) 
n 
+ (Uj - u^ ) jfn, j-l,...n (4.2) 
This linearized version of GAD vas utilized by Theil (1969), Tyrrel and 
Mount (1982); and Considine and Mount (1984), among others. Houthakkar 
(1960) and Arrow (1961) have considered models of the form of the GAD, 
while Teklu and Johnson (1988) used an AIDS version of GAD. These models 
are popularly referred to as Multinomial Logit models. They represent 
two important propositions that are not generally shared by other 
standard demand systems (except addilog model). They are that the 
average budget shares necessarily sum to unity (the adding-up property) 
and that the average budget shares predicted or implied by the model are 
non-negative. 
The own price and cross price elasticities of the GAD are 
n 
®jk • W "«j' j' k - 1 (4.3) 
where is the Kronecker delta and the expenditure elasticities are 
n 
' + "jy - (4.4) 
Homogeneity is given by, 
n 
b. = -I b.. ; k = l,...n. 
jy k-1 J* (4.5) 
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But Slutsky symmetry cannot hold for all the sample space. However, the 
S lut sky paramaters, 
®jk " ®jk * *k j,k - l,...n (4.6) 
can be imposed locally say at sample mean, as Byron (1968); Court (1967); 
and Kakwani and Court (1970) assumed with double log system. 
Bewley (1982) argued that an alternative transformation based on 
geometric mean of the shares, while being exactly equivalent in its 
properties, is a more useful representation. Bewley (1986) and Bewley 
and Young (1987) further showed that by using weights, Wj (j • l,,..n) 
which are not necessarily the means of the budget shares but merely a 
data point when ^ Wj « 1 and wy > 0 a linear version of the model which 
directly yields estimates of elasticity can be generated: 
+ n 
ln(q./w ) - a. + r\. ln(y) + J) e.. ln(p. ) + v . (4.7) 
J J • J JÇ.J JK * J 
where in w = % w\ in w.; q. is the quantity of the j good consumed and 
j-1 ^  J : 
Hj and ej^  are respectively income and price elasticities evaluated 
locally at the point Wj = Wj. This form has the advantage of estimating 
the model using ordinary least squares, as the same regressors appear in 
each equation. Further refinement of the model can be achieved by 
multiplying equation (4.7) by w\ and rearranging terms: 
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. n 
Wj Sn(qj/w ) - Ej + §j %n(y/P) +^ 2^  Sjj^  inCp^ ) + Ujj 
j-l,...n (4,8) 
where Is intercept; is the disturbance term; 8j - WjHj, the 
marginal budget shares; s^ j^  - Wj + Wj Wj are the Slutsky 
parameters; and F is the overall price index, generated as 
In (F) - % Wj %n(pj). This representation closely resembles Rotterdam 
model. 
The double log model can also be equally well written with In(Wj^ ) as 
the dependent variables 
In(Wj) • «j + ZXbjk - ôjjç) In (pj^ ) + (r^  - 1) ln(y) + Uj (4.9) 
where is the Kronecker delta, y-j represents income elasticities; and 
bj^  represents price elasticities. Thus, the regressor set in both GAD 
and the double log model are the same and the dependent variables in the 
GAD are a linear combination of the dependent variables in the modified 
double log model. 
Demand Systems and Optimization Problems 
A number of demand models have been derived from the standard 
consumer optimization problem. In this section, the linear expenditure 
and indirect addilog demand systems are described as examples. 
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Linear expenditure system 
Linear expenditure system (LES) was proposed and estimated by Stone 
(1954). He showed that the only linear form of demand systems that 
satisfies the theoretical restrictions of adding up, homogeneity and 
symmetry is the LES, 
Pjqj - PjTj + bj(y - Ï p^ r^ ) (4.10) 
with ]Eb^  " 1 and t'J is >0. The direct and indirect utility function for 
the LES are respectively, 
h n 
U(q) - n(qjç - yjç) k bj^  ln(qjç - y^ )^; (4.11) 
and 
V(y,p) - (y -^ Ep|^ q^ g)/np^ g\. (4.12) 
According to the standard interpretation, y's represent subsistent 
requirements, only (y-^ Pj^ fj^ ) is available for allocation among goods. 
This term is usually referred to as 'supernumerary expenditure' and is 
allocated in fixed proportions b^ .* This interpretation of LES is better 
understood from the cost function 
n . 
o(u,p) - + u jjSj pj^  k, (4.13) 
which shows a fixed cost element allowing no substitution and 
another term np^ \, allowing utility to be bought at a constant price per 
unit. 
One striking feature of LES is the fact that it has only 2n 
parameters, (2n - 1) of which may be chosen Independently. However, 
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since y's are not known, the system is nonlinear in parameters. Equation 
(4.11) implies that LES is derived from an additive utility function. 
This means LES maintains strong separability assumptions, exhibiting 
proportionality between price and expenditure elasticities. Generally, 
it is believed that this condition is appropriate only for broad groups 
of commodities or goods, thus restricting the usefulness of LES in 
disaggregated commodity analysis (Deaton, 1974). Because of few 
parameters, LES is applied in cases where data are scarce and less 
parsimonious models cannot be used (Lluch, Powell, and Williams, 1977). 
Elasticity estimates for LES System are 
Hj " bj/Wj (income elasticity); 
Bjj » -l+(l-bj)(yj/qj) (own price elasticity); (4.14) 
ejjç = -bj j/k (cross price elasticity); 
where Wj are the budget shares. With the restriction 0 < bj < 1, the LES 
implies that the Income elasticities are positive, that is, the goods are 
always normal. Also, all uncompensated cross price elasticities are 
negative, indicating that all goods are gross complements (Johnson et al. 
1984). 
There are several extensions of linear e3q)enditure system. For 
example, an Intertemporal or extended Linear Expenditure System (ELES) can 
be assumed of the form 
"jt'jt • fjti'jt + "jt'" -Jj I Kk + "if <"• 
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where and are parameters are now specific to periods (needs vary 
over the life cycle), W is the current, present discounted value of 
it 
present and future income and current financial assets, and p^ j^  is the 
current discounted price of good k in the future period T (p*^  ^- p^ J^  since 
t is the present) (Lluch, 1973). Blanciforti et al. (1986) and Green et 
al. (1980) formulated dynamic versions of LES; while nonadditive 
extensions of LES has been proposed and estimated by Blundell and Ray 
(1982) and Ray (1985). 
Wales (1971) specified a generalized linear eiqpenditure system 
(GLES) which is given by 
"J • ''j * ["j'j" "j'" -Ji pjfj'/y 
where y is total income and Pj is the price of good j. The parameters of 
the system are Qj, j-1.^ . n, the committed quantities, /j, j-1... n; and 
o, which is the elasticity of substitution between uncommitted 
expenditures. Note that when o"l, the GLES reduces to LES. 
Indirect addilog demand model 
Leser (1941) specified a demand system which was later on showed by 
Houthakkar (1960) to be derived from an additive indirect utility 
function, 
n b. 
v(p,y) " I aXy/pJ . (4.17) j-1 J j 
where a and b are parameters with ajbj^  0 and bj a -1. The demand system 
derived from this indirect utility function is known as indirect addilog 
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demand system (IAD) or simply the addilog model. Applying Roy's Identity 
the demand functions are derived as, 
«jbj 
z «k (y/Pk) 
k-l * * * 
In its more usable form, the addilog model is written in terms of budget 
shares ; 
b, 
(y/p.) J 
W. • -J—' J r— . (4.19) 
J 2 °k 
The income and price elasticities for this model are, 
n 
Hj " 1 + bj \ ; (4.20) 
and 
"jk " * ""j' * 
- bj^Wj^ . ij*j (4.21) 
The Slutsky coefficients are, 
'ij 
^ w j  (1 + 2b. -  Y, w,bp - w .  (1 + b.) i»j 
3 J * * J J (4.22) 
L*j"k (1 + bj + tk - Ç ifj . 
The addilog model satisfies Engel aggregation, Cournot aggregation and 
homogeneity, while substitution matrix is negative semidefinite only when 
b^  > -1 (Somermeyer, 1974; Theil, 1975). However, only quasiconcavity of 
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utility function is required for negative definiteness, which implies 
that at most one b can equal to minus one (Murty, 1982). 
Approximate Demand Systems 
This section describes demand systems that are considered as 
approximations to "true" unknown demand structures. The demand systems 
discussed are the constant elasticity demand systems, the Rotterdam 
model, the translog demand systems and the almost ideal demand system. 
In subsequent analysis, these models were studied in the relation to 
market demand theory. 
Constant elasticity demand systems 
Among the demand systems in applied economic analysis, the most 
frequently used systems belong to a class of constant elasticity demand 
functions (Court, 1967; Byron, 1970b; Huang and Haidacher, 1983; Helen, 
1983; Huang, 1985). These could be characterized by three equivalent 
representations (LaFrance, 1984, 1985, 1986): 
(i) in the form of a total differential equation, 
dp, dp . 
if ' "jl if + =jn + =jy F ' (4-23) 
(ii) in the form of a total differential equation in logarithms, 
d In(q^ ) - d In(p^ ) + ... + d In(p^ ) 
+ e^ y d ln(y), (4.24) 
and 
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(iii) in the form of a demand system that is logarithmic in 
quantities, prices, and income 
In Qj - aj + J In pj + ... + In p^  + Hj In y . (4.25) 
One of the characteristics of these models is the direct 
interpretation of the parameters in terms of elasticities. Since the 
parameters are the elasticities, the homogeneity restriction implies 
that, 
+ ... + + Hj • 0; i - l,...n . (4.26) 
Imposing this restriction in equation (4.24) yields 
In(qj) - .j + .jj In (Pj/P,) + ... + «jn-i 1" (Pn-1%' 
+ Hj In (y/p^). (4.27) 
The demand system (4.27) provides a first order approximation to an 
unspecified demand system. It is twice continuously differentiable 
throughout the n+1 dimensional strictly positive orthant in prices and 
3q4 3qi . 
income. Defining qj/Pj^ and • Hj qj/y the symmetry 
restriction for the log linear system is given by, 
94 94 9i, 9], 
'jk ^  " "j i "kj g; * % F 
j, k » 1 n. (4.28) 
It is well known that a complete constant elasticity demand system (CES) 
is integrable if, and only if, it can be generated by an additive 
77 
logarithmic utility function (Basmann, et al. 1973; Willig, 1976; 
Jorgensen and Lau, 1979; Lau, 1977a). The utility function for CES is, 
u(q,...qj^ ) - Pj In(qj) + •••+?„ In(q^ ) . (4.29) 
This implies that the income elasticities are equal, that is, 
Hj • Ijç j,k - l,...n . (4.30) 
Thus, a necessary conditions for Slutsky symmetry in a model of constant 
demand elasticity is that the income elasticities are all equal 
(LaFrance, 1986). Furthermore, with Engel aggregation the common income 
elasticity for all commodities must be equal to unity. 
If all income elasticities are equal, the Slutsky symmetry equations 
are 
=jk • =kj Pk \ 
The equation (4.31) holds for a particular pair j^ k if and, only if, 
either the cross price elasticities are zero (Sj^  = = 0) or 
e]q)enditures are proportional between commodities j and k (LaFrance, 1985 
1986). In either case, the zero degree homogeneity condition and Cournot, 
aggregation imply that the own price elasticities are minus one. 
Consequently, the set of n demands can have constant elasticities if and, 
only if, all income elasticities are one, all own price elasticities are 
minus one and all cross-price elasticities are zero. 
78 
Rotterdam model 
One of the most popular systems developed in a differential form is 
the Rotterdam model (Barten 1964; Theil 1965). The underlying principle 
in Rotterdam model is that it provides a first order approximation to an 
arbitrary demand function. Therefore, as such they are not based on any 
particular utility function. However, later on it was shown that for 
Rotterdam model to satisfy the integrability condition, has to be derived 
from a power utility function. For a complete discussion on theoretical 
foundation of Rotterdam model see Barnett (1979b). 
Taking total differentials of the demand equations, qj=gj(p,y) 
Wj d[ln(q j ) ]  = Pj(gy ) d In y  ^) [Sjj^  " 9% gy ] d In Pj^  (4.33) 
(4.32) 
puq. 
Taking log of (4.32) and multiplying by budget share Wj • the 
equation (4.32) can be expressed as 
where Sj^  are, of course, the symmetric Slutsky coefficients. 
(4.34) 
Note that the total differential of budget constraint is 
n n 
(4.35) 
or in log terms 
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n n 
Z w. d[ln(q. )] + Z w. d[ln(p. )] - d In y . 
k-1  ^ * k-1 * * 
(4.36) 
The first term in above equation is known as divisia volume index, DQ and 
the second term in the divisia price index OP. Combining (4.33) and 
(4.36), the absolute price version of Rotterdam model is given by. 
coefficients. 
The time subscripts in the Rotterdam specification above is omitted,e 
however, it should be noted that the parameters of the Rotterdam model ar 
evolutionary. Empirical application of the model require introduction of 
a disturbance term and the choice of discrete approximation for the 
differentials. Assuming constancy of parameters the estimable version of 
the Rotterdam model proposed by Theil (1965, 1967) is given by: 
n * 
Wj d[ln (qj)] - 8j DQ + a  d[ln (p%)] . (4.37) 
it 
where 8j is the marginal budget share and s are the Slutsky 
n 
(4.38) 
where 
n 
n 
The adding up restriction in Rotterdam model implies Z 6. = 1; 
i-=i J j=l
k-1 
n 
Z s.. • 0; k = l,...n. The homogeneity can be enforced by imposing the 
.1 J* 
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n 
restriction X s.. " 0 and the Slutsky symmetry restriction is obviously 
k-1 
Sjjç • Sjj^ . For the Rotterdam model, the income elasticity is Hj " 8j/Wj. 
With all @j positive, the income elasticities are positive. Furthermore, 
it can be easily noted that Ij |1 when 0j |Wj. Thus if 0j > Wj the 
commodity is a luxury item. The own price and cross price elasticities 
are given by 
'a " ("jj - 'iAW'i 
(4.39) 
and 
'jk • "jj ®k -
Translog demand system 
The translog demand system is based on transcendental logarithmic 
utility function which in turn is based on second order Taylor series 
expansion of approximating any arbitrary direct or indirect utility 
function. This was developed by Christensen, Jorgenson, and Lau (1975). 
The indirect utility function of the translog model is given by, 
n 
In V - @0 + Pjjç In (pj/y) + 1/2 InCp^ ./y) In (Pj^ /y) . (4.40) 
Using Roy's identity the translog demand system can be written as 
n 
a J + Z PUk In (Pi,/y) 
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n n 
where a_ • J) a.; P„ • Z Thus, the translog demand system uses 
™ j«l J " j J* 
normalized prices with respect to income. A normalization - -1 is 
imposed to identify the parameters of the consumer demand or expenditure 
share equations in (4.41). 
When we estimate n-1 equation for the budget share, the parameters 
m^k should be the same for all equations if the equations are generated by 
utility maximization process. This restriction (4.42) is termed as 
equality restriction. The equation (4.40) also reduces to the linear or 
logarthmic Cobb-Douglas function if = 0. 
The symmetry of the Slutsky is equivalent to 
Pjlj • Pjçjî j - k - l,...n. (4.42) 
However, the use of the above restriction (4.42) as a test to support the 
consumer theory was heavily criticized by Simmons and Weiserbs (1979); 
Blackorby et al. (1977); and McLaren (1982). Essentially the argument is 
that a number of utility functions produce same demand equations as the 
translog. Further, Simmons and Weiserbs (1979) identified three utility 
functions where the Hessian is not symmetric. Thus, the translog demand 
system may well be useful as a system in its own right but the 
implications for the model as a second order approximation to an 
arbitrary utility function are suspect. 
Jorgenson et al. (1982) showed that translog model can adequately 
represent consumer behavior based on exact aggregation. The exact 
aggregation representation of translog model is derived by making the 
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denomenator in (4.41) independent of income. This can be written as 
"j * g Pjk - Pyj I'ty 
'j • ~ 
Equation (4.43) is of FI6L0G family and satisfies the nonlinear 
aggregation condition (see Jorgenson et al. 1982; Deaton and Muellbauer, 
1980b). This specification is used in subsequent Monte Carlo analysis. 
The own price, cross price, and expenditure elasticities for the 
indirect translog demand system are, 
"jj " + -1 + Ï Ï L ln(p./y) ' 
j k J* * 
Pjk'^ j^ " ^ Pjk 
®jk • -1 + % Z d ln(p^ /y (4-44) 
j k 3* * 
and 
'I Wù + 5 & Pkj 
1 * ' I  +  11  * 
j k j* * 
The translog demand system is widely used in empirical application. 
Christensen et al. (1975) and Jorgenson and Lau (1975) used a translog 
demand system for a complete demand system comprising of durables, 
services, and nondurables, and energy. They used a number of hypothesis 
to test including a test for integrability; which was rejected. 
Christensen and Manser (1977) applied translog demand system for meat 
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commodities and decisively rejected the hypothesis of additivity. 
However, further testing for partial additivity revealed that beef and 
flsh-poultry-pork are addltlvely separable sub-groups of meat. 
Two other functional forms that have second order interpolation 
property are the generalized Leontlef and generalized quadratic. 
Blackorby et al. (1977) provides an excellent discussion comparing 
these three forms. Included among the many applications comparing these 
three forms of second order Taylor series approximation systems are 
Berndt et al. (1977); Guilkey and Lovell (1980) and Wales (1977). 
Almost ideal demand system 
Deaton and Muellbauer (1980a) used the duality theory and 
e3q>endlture function instead of utility or indirect utility function for 
a demand system. The expenditure function specified is based on 
Muellabauer's approach to aggregation problem (discussed in Chapter Two). 
Deaton and Muellbauer specified the AIDS cost function as 
where OQ, OJ ,^ and are parameters, û is utility and Pj are 
prices. This cost function is consistent with aggregation over 
consumers. By applying Shepards Lemma, that is, differentiating the 
expenditure or cost function yields, 
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HS(5^  • "i • (4 4*) 
Thus, 
Wj - Oj + % rjiç In Pjç + Û PgPj exp (pj * In(pjçj)) , (4.47) 
where û is the indirect utlity function which could be derived from 
equation (4.45). After substituting the indirect utility function for u 
the equation (4.47) becomes, 
Wj " Oj + Z «jiç In Pj^  + pj In (e/p*) , (4.48) 
where 
In P* - Oq + Z Oj^  log pj^  + 1/2 Z Z Tjk Pj Pfc (4.49) 
is an over all price index. Since the above model is highly nonlinear, 
Oeaton and Muellbauer (1980a) utilized Stone's (1953) index to linearize 
the model. Using this index, 
In P* - Z \ In pjç ; (4.50) 
the model is now written as, 
Wj " Gj + Z Tjij In p^  + Pj In (e/P*) , (4.51) 
This is usually termed as linear approximate AIDS model. Though Stone's 
index provides a good approximation it must be noted that the above 
representation exists only as an approximation to the AIDS and as Deaton 
and Muellbauer (1980a, p. 317) note, "will be accurate in specific 
circumstances, albeit widely occurring ones in time series estimation." 
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The standard demand properties are satisfied by AIDS model. The 
adding-up criterion implies that % a. - 1; % p. - Oj and J] y.. - 0 
j  ^ j  ^ j J* 
(k"l,...n) and since, the same regressors appear in each equation, the 
OLS estimates satisfy these constraints. The homogeneity conditions hold 
if I Tjjç • 0 and the symmetry restrictions hold if The 
Slutslqr coefficients are given by 
• 'jk * Vk - "j'jk- (4-52) 
where is the Kronecker delta. 
The uncompsensated own price, cross price and expenditure 
elasticities are given by 
'jj - -1 ' 
•jk " "'jk -
and 
Hj - (Pj/Wj) + 1 . (4.53) 
Flexibility and Approximations 
"An algebraic functional form for a complete system of consumer 
demand functions q(p,y;a) is said to be flexible if at any given set of 
nonnegative (positive) prices of commodities and income or total 
expenditure the parameters a, of the complete system of consumer demand 
functions can be chosen so that the consumer demand functions and their 
own and cross-price and income elasticities are capable of assuming 
arbitrary values at the given set of prices of commodities and income 
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subject only to the requirements of theoretical consistency" (Lau, 1986, 
p. 1543). 
Many flexible functional forms have been developed recently for 
demand analysis. The above definition is a general definition. For a 
discussion on flexibility criteria and other definitions see Diewert 
(1974); Blackorby et al. (1977, 1978); and Barnett (1983b, 1985). The 
common examples of flexible functions are Diewert's (1971) Generalized 
Leontief; the translog (Christensen et al. 1975), and generalized Box-Cox 
applied by Berndt and Khaled (1979). The new members of flexible 
functional forms include Barnett's (1983a) miniflex laurent; and 
Gallant's (1981; 1982; 1984) Fourier flexible forms. 
Flexible functional form can be applied either to demand functions 
or to preferences. The Rotterdam model (Barten, 1967, 1969; Theil, 1965, 
1976; Byron, 1984) is a popular example for the former case. A translog 
utility specification is an example for the latter case. In general, the 
demand systems provide a (local) first order approximation to the 
underlying relationship between the market aggregates. 
Taylor series and local approximations 
Most of the "specifications" of flexible functional forms in 
consumer demand analysis involves use of Taylor's series or Box-Cox 
transformations. A Taylor series expansion of any arbitrary function 
f(x) is given by; 
• f(x) - f ( X g)/0! + [ f * ( X g ) / l ! ]  (x - X g )  +  . . .  +  [f™ ( X o)/m!] 
(x - Xg)™ + remainder, (4.54) 
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A fh 
where f (x) is the s derivative of f(x). The above expression holds if 
f(x) has finite, continuous derivative to the degree at the point of 
e3q>ansion, x,. Furthermore, when m tends to », the remainder vanishes, 
in which case the Taylor series converges to f(x) at the point of 
e3q>ansion, and any desirable degree of accuracy may be obtained. 
However, these approximations are local, that is, depends on the 
quality of point of expansion or data range and their performance in 
empirical applications are varied. For instance. Caves and Christensen 
(1980) showed that the translog and generalized Leontief forms do 
not necessarily satisfy the restrictions of monotonicity and 
quasi-convexity over the entire range of prices and income in consumer 
demand analysis and that the ranges where each holds so differ. 
Similarly, Wales (1977) pointed out that some flexible forms of 
preferences can violate the restrictions of monotonicity and 
quasi-convexity. In view of this, he concluded that rejections of 
consumer theory which occurs commonly in studies might be due to the 
violation of regularity conditions by the chosen form rather than an 
absence of optimizing behavior of consumers. Further, White (1980) 
showed that least squares did not produce the coefficients of Taylor 
series unless the true function is of that form. There may be 
specification bias in using local approximation interpretation thus 
limiting the use of such flexible form purely on statistical background. 
Fourier series and global approximations 
Gallant (1981, 1982, 1984) addressed the issue of specification bias 
using Fourier series approximations. He showed that rejection of 
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hypotheses can also be due to biases induced by the departure of the true 
function from the flexible representation chosen. Even when the latter 
satisfies the relevant theoretical restrictions this specification error 
exists. The Fourier flexible form introduced by Gallant (1981) is given 
by: 
•V • «j'j - il '"o. K. 
I 
+ 2 i[Uig Sin (iK^  X) 
+ Cos(iK^  X)1 )/ b'x 
- X '"»» * ' Ji "'i. ® 
+ V. O03 (jK^  X))) X)]. (4.55) 
where Pj9j/y is the expenditure share, X the income normalized prices, 
p/y; where p is price, y is income, the K's are multi-indexes and sin and 
cos are trignometric functions. An important distinction of Fourier 
flexible form from other flexible form is that it has variable number of 
parameters and its asymptotic properties are usually obtained by letting 
the number of parameters to depend on the sample size (El Badawi et al. 
1983). Also, unlike Taylor series, the Fourier series representation 
provides close approximation to an arbitrary function measured by the 
Sobolev norm , which takes into account errors in approximating the 
function throughout its domain, and also errors in approximating 
derivatives. Thus, the specification error implicit in such an approach 
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tends toward zero in large sangles and the derivative of the Fourier 
flexible functional form can be treated as an unknown function. This 
provides consistent estimation of elasticities possible throughout the 
region over which the function is observed. In this sense, Fourier form 
can be termed as globally flexible. 
However, the Fourier form is not without pit falls. Firstly, the 
results are based on asymptotic theory and its application in a world of 
"limited and noisy data" has been questioned (Weaver, 1984). Secondly, 
sine and cosine terms may introduce artificial cyclical effects 
(Chalfant, 1984). This could be tested by standard F statistics. Even 
if such tests indicate significant results for the presence of cyclical 
effects, the question still remains about the economic factors associated 
with this type of change (King, 1984). Finally, the Fourier 
representation does not permit consistent aggregation across consumers 
(Chalfant, 1987). 
Recently, Chalfant (1987) combined almost ideal demand system which 
allow consistent aggregation and Fourier flexible system which allows 
consistent global flexibility to derive a globally flexible Almost Ideal 
Demand System. He showed that the budget share equations obtained using 
the new demand system are linear in the parameters so that the only 
difficulty in estimation is in generating the design matrix. He applied 
the new system to estimate an aggregate demand system for meats and fish 
using annual U.S. data. Further empirical work is needed to corroborate 
the usefulness of this type approaches in applied demand analysis. 
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Laurent aeries and approximations 
Recognizing the problem of poor behavior of the demand systems based 
on Taylor series approximations, Barnett (1982, 1983a, 1985) suggested 
Laurent series expansion as an alternative. Barnett and Lee (1985) and 
Barnett, et al. (1985, 1986) showed that the miniflex Laurent flexible 
functional forms are regionally well behaved, especially when used with 
time series data within the region of the latest observations. The 
Laurent expansion of a function f(z) around the point Z takes the form 
f(Z) - I  a i Z  -  Z )" - Z a„(Z - Z: )" + £ a„(Z - Z^ )" . (4.56) 
 ^n o _ n 0 n o 
The variable Z can be complex. Barnett has suggested two models namely, 
miniflex generalized Leontief (MLGL) and miniflex Translog (MLTL) based 
on Laurent expansion. Let v^  - p^ /y and w^  ^ be the expenditure shares 
Wi - pj^ q^ /y. Also let v^  ^designate observation t on v^ , where t=l,... 
T^ ; and let T = {1,...T^ }, so that teT. Let v^  = v\ + 0^  where 0^  is a 
constant and let s^  ^= log u^ . Define the set of pairs of unequal 
subscript S((i,j): ifj, i,j»l..,n). Then indirect utility function 
V(p,y) of the miniflex translog model is defined such that V(p,y) 
1 00 
n»-® 00 n"0 
» log V(p,y) 
- a, + 2 Z + Z s 
2 
(4.57) 
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The parameters a^ , a^ (i"l,...n), a^ (^i-l,...n), a^ j((i,j)eS), and 
bj^ j ((l,j)eS) are restricted to satisfy 
('ij' 'ij' " <®jl' bji* 
for all (I,J)eS. Applying Roy's identify, the resulting MLTL model's 
share equations are 
"i " <«1 + " i  * 'il 
n 2 — —1 
'j 
- '•îj \ "I" V' 
where is the sum over i of the expression in (4.59). On the other 
hand MLGL is given by 
"i " <«1 \ * 'ii "i * "ij Vj * "ij VjVi/»GL "•«<» 
where is the sum over i of the numerator expression in (4.60). Apart 
from satisfying Oiewert's definition of local flexible functional form; 
the miniflex models also possess minimal property in the sense that 
in^ osition of any further prior restrictions eliminates the flexibility 
property. The squared terms of parameters imposes nonnegativity 
constraint without explicitly losing any flexibility property. However, 
it might cause problems with multiple optima in estimation. Barnett 
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(1982) applied MLGL model for three good cases; but for many goods or 
commodities miniflex Laurent models exhibit estimation problems. 
There are other explorations of providing flexibility in demand 
systems. Barnett and Jonas' (1983) Muntz-Szatz demand system could be 
used in cases where a globally regular series expansion must be 
maintained. This model has a large number of parameters and has not been 
applied to any data. 
In general, flexible functional forms are appealing as a way for 
testing hypotheses on functional separability, substitution possibilities 
and demand elasticities. However, the commonly used procedure of Taylor 
series e3q>ansion of suitable degree (usually a first or second order 
approximation) ignoring higher order terms imposes severe limitations. 
This is mainly attributed to lack of agreement about the point of 
expansion and separability assumptions that are necessary to solve the 
aggregation problem. In many cases, in^ osition of separability 
assumptions renders a flexible form to inflexible form in that function 
of aggregates is no longer capable of providing an arbitrary second order 
approximation to the separable preferences (see Blackorby et al. 1978b 
for details). 
A few Monte Carlo studies have been conducted to understand the 
approximation characteristics o f the Taylor series flexible forms ( e . g . ,  
Guilkey and Lovell, 1980; Wales, 1977). Caves and Christensen (1980) 
have compared them analytically. In demand analysis, however, the 
approximation characteristics of these flexible functional forms, 
particularly in light of aggregation have not been fully established. 
This study attempts to provide some insights in this regard. 
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Tests of Theoretical Restrictions 
In this section, the test statistics that are used to evaluate 
Slutsky conditions are discussed. A summary of results of such tests is 
provided and some of the factors associated with rejection of theory is 
discussed. 
Statistical test procedures 
Consider a static demand model represented generally by 
where Y is T x N, p is t x n and U is normally distributed. The (n-1) 
restrictions implied by homogeneity condition and n+(n-l)/2 restrictions 
implied by Slutsky symmetry restriction can be written as 
Three asymptotic statistical tests are widely used to test such linear 
Y - X p + U. (4.61) 
R P • r. (4.62) 
restrictions in statistical models namely Wald tests. Likelihood ratio 
test and Lagrangian multiplier test. 
Wald Test Under the null hypothesis of homogeneity and symmetry 
restrictions combined the wald test statistic is given by 
W - P'R' [R(Ô A (X'X)"^ ) R']"^  R p (4.63) 
where p is the unrestricted estimates Q is the estimated 
variance-covariance matrix given by e'e/T; e = Y - xp. W is 
a 
asymptotically distributed as % with degrees of freedom equal to number 
of restrictions. 
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Likelihood ratio test With cross equation restrictions of the 
form Rp - y the restricted estimate of p is given by (Fomby et al. 
1984) 
{( - P + (0 a (X'X)"^ )R' [R{0 A (X'X)"*)]"* (r - R P) (4.64) 
Since true 0 is unknown, p is usually obtained in a iterative fashion 
after updating 0 with estimated 0 after each iteration, until convergence 
yielding the final estimator of ^  and A. Then a likelihood ratio test 
can be computed as, 
LR " T In (det &/det Q) (4.65) 
and LR is asymptotically distributed a with degrees of freedom equal 
to the number of restrictions. 
Lagrangian multiplier test This test is given by replacing 0 in 
(4.61) by à so that 
LM - P'R' [R((ll a (X X) )R']"^  R p (4.66) 
which is again distributed with degrees of freedom equal to the number 
of restrictions. How do these test statistics compare with each other? 
It is clear that Wald statistic is based only on unconstrained 
estimation of the model; the Lagrange multiplier test is computed from 
the constrained estimates; and the likelihood ratio test uses both 
constrained and unconstrained estimates. Further, the general results of 
Berndt and Savin (1977) established a fundamental inequality, 
W a LR a LM. (4.67) 
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This inequality always holds, no matter what the configuration of data, 
parameters, and sample size. This result has serious in^ lications of 
hypothesis testing in applied demand analysis. Since Wald test statistic 
is easy to compute, it is often computed to test the theoretical 
restrictions. It is no surprise given the asymptotic nature of test 
statistic and the inequality in (4.65) the symmetry and homogeneity are 
often rejected. A number of simulation studies all based on Rotterdam 
model have supported this view. Laitinen (1978) and Meisner (1979) 
reported severe bias towards rejection of the hypothesis using Wald 
statistics. Bera, Byron, and Jarque (1981) carried out similar 
experiments for LR and LM statistics and also found severe bias towards 
null hypothesis rejection. 
The problems in using such test statistics are basically related to 
getting a reliable estimate of variance-covariance matrix. Since 
typically time series data are used to estimate this matrix. The sample 
is not of sufficient size to provide a reasonably reliable and consistent 
estimate. Theil and his associates (Theil et al. 1985; Taylor et al. 
1986; Shonkwiler and Theil, 1986) used a boot strapping procedure to 
overcome the bias towards rejection of null hypothesis. Essentially, all 
these simulation studies suggest that the rejection of theory may be at 
least in part due to small sample problems. Most of these studies are 
based on Rotterdam model and the results are yet fully generalized. 
However, some have suggested ad hoc size correction that appears to work 
in some situation (see Judge et al., 1986; Byron and Rosalsky, 1984; 
Pudney, 1980; Bewley, 1986). 
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Empirical tests of theory 
Table 4.1 shows some selected results for theoretical restrictions 
from various studies. The results should be interpreted with caution as 
different studies use different data, various functional specification 
and different types of test procedures. With all these caveats in mind 
one might generalize that homogeneity is more often rejected by aggregate 
data than the symmetry conditions. There is an^ le evidence that 
additivity is quite restrictive; but negativity does not seem to be very 
restrictive. Symmetry in general passes more easily than homogeneity, 
but it also meets with various rejections. 
A number of factors are attributed to such rejections. Rejection of 
homogeneity is attributed to measurement error or construction of price 
indices or on the exogenity of e}q>enditure (Attfield, 1.985) ; omission of 
dynamics (Anderson and Blundell, 1983; Deaton and Muellbauer, 1980b); 
intertemporal allocations (Attfield and Browning, 1985); price 
expectations (Bronsard and Salvas.-Bronsard, 1984) ; omitted 
characteristics (Stoker, 1986b) and so on. Often rejection of joint 
restriction of homogeneity and symmetry is attributed to homogenity 
alone. But the results of McKenzie and Thomas (1984) using a composite 
model (with translog and LES) show otherwise. Also Anderson and Blundell 
(1983) found dynamic misspecification as the root cause of homogeneity 
rejection; but Stoker (1986b) emphasized that omitted characteristics in 
aggregate model may evolve in a way that is captured by the introduction 
of dynamic adjustment or trend like terms. 
Table 4.1. Selected test results for theoretical restrictions on demand systems 
Data Constraints* 
Source Functional 
Form 
Country Period No. Of 
Groups Horn. Sym. Neg. Add. 
Barten (1967) Rotterdam Netherlands 22/39,49/61 4 P P P 
Court (1967) Log-Linear New Zealand 50/60 3b R P 
Barten (1969) Rotterdam Netherlands 22/39,49/61 16 R R — R 
Byron (1970b) Log-linear Netherlands 22/39,49/61 16 R R — R 
Lluch (1971 Log-linear 
and 
Rotterdam 
Spain 1958,1964 5 R pC 
Deaton (1974) Rotterdam U.K. 1900/70 9 R P P R 
Barten (1974) Rotterdam 8 E.E.C. 
Countries 
50s & 60s 5d 
2R® 
— 3P, 
5R 
Theil (1975) Rotterdam Netherlands 22/39,49/63 4 — P — — 
Christensen 
et al. 
(1975) 
Direct and 
Indirect 
Translog 
U.S.A. 29/72 3 — R " —— 
Barten and 
Geyskens (1975) 
Rotterdam Netherlands 
Germany 
50/69 
50/68 
5 
4 
P P P 
Bemdt et al. 
(1977) 
Translog 
Leontief 
Cobb-Douglas 
Canada 1946/69 10 R 
P® 
R 
P 
R 
R 
— 
Deaton and 
Huelbauer 
(1980b) 
Huang and 
Haidacher (1983) 
Anderson and 
Blundell (1983) 
Kiefer (1984) 
HcKenzie and 
Thomas (1984) 
Attfield (1985) 
Blanciforti 
et al. (1986) 
AIDS 
Log-linear 
Dynamic 
AIDS 
Rotterdam 
Cbmposite 
Model 
Translog Model 
AIDS with 
Endogenous 
Income 
Static AIDS 
Dynamic AIDS 
U.K. 
U.S.A. 
Canada 
Belgium 
U.K. 
U.K. 
U.S.A. 
U.S.A. 
1954-74 
1950/81 
1947/79 
1976-77 
1955-79 
1954-74 
1947/78 
1947/78 
8 
12 
R 
6 
7 
7 
8 
11 
11 
P 
P 
5R 
6P 
5R 
6P 
P 
P^  
R 
se 
— R 
 ^= rejection, usually at 95 percent level, P = no rejection, — indicates no result reported. 
Data refer to e3q>enditure on three types of meat products. 
Sïhen testing homogeneity and symmetry together, rejection is reported. 
for Germany only four groups. 
"Refers to a joint test of homogeneity and symmetry. 
Refers to symmetry conditional on homogeneity. 
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Nonparametric tests As Deaton and Huellbauer (1980b) points out 
that the hypotheses tests of theory is not independent of model 
specification. Thus misspecification in models can contribute to 
rejections of theory. Recognizing the problems associated with such 
parametric approaches, nonparametric tests have been developed recently 
(Afriat, 1981; Varian, 1983, 1985; Diewert and Parkan, 1985). These 
tests are based on revealed preference axioms and eliminates 
specification bias, Manser and McDonald (1988) applied Afriat's (1981) 
condition for consistency with a homothetic utility function and found 
that to be acceptable for 111 commodity dissagregation of post-war U.S. 
data. Varian (1985) has constructed a Chi-square statistic to provide a 
lower bound for testing consistency with optimization models in the 
presence of measurement error. 
While nonparametric tests provide an alternative to test consumer 
theory, it does have limitations for applied demand analysis. The power 
of such tests has not been fully established. Also, from policy and 
forecasting purposes, an estimate of market parameter is essential which 
is not available from nonparametric approach. However, a reconciliation 
of parametric and nonparametric approaches may provide some insights. 
Barnhart and Whitney (1988) have suggested a nonparametric analysis in 
parametric estimation. Under this approach, the performance of translog 
demand system was evaluated by checking to see if parameter estimates 
were consistent with monotonielety and convelty of the indifference 
surfaces at each sample point. An extension of such an approach to 
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market data may provide some insights for dissaggregated demand 
analysis. 
Negativity While tests on separability and Slutsky conditions 
are common, the concavity restrictions in utility function (negativity) 
are tested rarely. This is mainly due to the inequality nature of this 
restriction and the complexity involved in imposing such a restriction in 
a system. However, Geweke (1986) has illustrated a Bayesian way of 
inferring about the inequality restrictions. This was successfully 
applied by Chalfant and White (1987) using a translog cost function and 
by Chalfant and Gray (1988) using AIDS model for meat demand in Canada. 
Chalfant and Gray found substantial support for the concavity of 
consumer's expenditure function underlying AIDS model. However, their 
attempt indicated the sample information was not consistent with prior 
beliefs that commodities are all substitutes. Both beef-fish and 
pork-fish elasticities of substitution tended to be negative. 
Considering that the tests of theory are joint tests of both 
hypothesis testing and the models, one could argue for different and 
richer models so that constraints can be useful without being too 
restrictive. An alternative is to merge the restrictions systematically 
with data. A pragmatic approach using Bayesian framework was suggested 
by Kiefer (1977). Safyurtlu et al. (1986) approached the problem in 
mixed estimation framework. 
Considering the importance of simplistic approaches in modeling for 
policy and forecasting the pragmatic approach is very attractive. A 
complete understanding of market approximation is crucial in such an 
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analysis. While there are some insights, a comprehensive idea of market 
approximation especially with the local properties and under conditions 
of separability and aggregation is still lacking. 
Structural Change - An Assessment 
Changes in meat consumption pattern has received considerable 
attention. Per capita consumption of beef has declined steadily at least 
during '70s while per capita consumption of poultry and other meats 
increased over time. Economists have modeled meat consumption behavior 
and attempted to explain the phenomenon. Several factors Including 
changes in lifestyle; health consciousness; emphasis of diet and 
nutrition in consun^ tion; changing demographics; oil prices and even 
growth of chicken fast foods franchise have been attributed to decline in 
red meat consumption. In general economists are divided in opinion. 
Some put forth that traditional models of consumer behavior is not 
adequate in explaining all the changes that under went in meat Industry 
and allude structural change in meat demand. There are others who 
disagree with this. Whichever side an analyst takes, there is no 
question that the issue of "structural change" in meat demand is one of 
semantics. For a critical assessment regarding the issue of structural 
change in meat demand see Johnson (1987). The purpose of this section is 
to assess the structural change debate in relation to market demand 
theory. 
Structural change is generally viewed as any change in the utility 
function, opportunity set, or composition of the consuming population 
(Wohlgenant, 1983). But the problem in such a conceptualization is that 
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it is empirically intractable. So market demand parameters are used to 
escplain the phenomenon. The concept of structural change particularly 
with respect to empirical analysis of retail meat demand has been very 
elusive and much debated. This is evidenced from Table 4.2. It shows 
the results from various studies in relation to structural change in 
retail meat demand. The various studies have used different data, 
different statistical methods, and functional specifications. 
Setting aside such usual caveats, there seems to be much controversy 
about structural change in beef and chicken. Most of these studies have 
relied on approximate demand systems to explain the changes in market 
behavior for meat commodities. Some have utilized sophisticated 
techniques such as gradual switching regression or random coefficient 
approach while others have used some transformation to represent demand 
system. Whatever the methodology be, specification of market demand 
systems should be viewed as approximations and the restriction are 
imposed local. Before a verdict can be made on structural change, we 
need to understand the nature of the approximations. 
Appropriately, many have suspected misspecification problems and 
suggested extensions of the consumer theory. For instance, changes can 
be rationalized based on incorporation of uncertainty in nutrient 
information or household production theory. See Chavas (1986) for an 
illustration of an analogy between technical change in production 
function estimation and changed preferences in demand systems estimation. 
Other possible causes of roisspecifications include functional form bias 
(Chalfant; 1987); dynamic roisspecifications (Blanciforti and Green, 
Table 4.2. Summary of studies related to structural change in retail meat demand 
Author(s) Data Heats Model Specification Findings 
and Metiiods 
Chavas 
(1983) 
Frank 
(1984) 
Annual 
1950-79 
Poultry, beef 
and pork 
Quarterly Beef, pork, 
1970-83 chicken 
Haidacher Annual 
et al. 1953-77 
(1982) 
Beef & veal, 
pork, chicken 
turkey, and 
37 others 
Hoschini Quarterly Beef 
& Meilke 1966-81 
(1984) 
Nyankori Quarterly Beef, pork 
& Miller 1960-79 chicken, 
(1982) turkey 
Hohlgenant Annual 
(1986) 1947-79 
Braschler Annual 
(1983) 1950-82 
Beef, pork, 
poultry 
Beef, pork 
Quantity dependent with 
random coefficients in 
demand system 
Quantity dependent system 
of equations; gradually 
switching regression 
Complete system of constant 
elasticity demand equations 
for some 40 food and 1 non­
food categories; goodness 
of fit criterion 
Quantity dependent, single 
equation, Box-Cox trans­
formed demand functions 
Quantity de^ ndent single 
equation spline model 
Rotterdam system for meat 
subgroup; standardizes for 
changes in nutritional 
con^ onents over time 
Price dependent single 
equation switching re­
gressions with abrupt 
switch point 
Structural Change in beef and 
poultry in post 1975 period 
Structural Change 1975(3) for 
beef, chicken, and pork 
Goodness of fit to sangle data 
with constant structure leaves 
less than 5% unexplained 
variation 
No evidence of structural 
change although elasticities 
change 
Structural change for beef and 
chicken; not for pork 
Structural change for beef and 
poultry; Quality changes e^ lain 
1/2 of "unexplained increase in 
poultry and 1/3 of decrease in 
beef 
Structure change in beef and 
pork; new beef structure post 
new pork structure post 1969 
Dahlgran 
(1987) 
Annual 
1950-84 
Beef, pork, 
chicken 
Bales & Annual Beef, chicken 
Unnevehr pork, other 
(1988) whole birds, 
hamburger, 
table cuts, 
non meat 
food 
HoscMni Quarterly Beef, pork 
& Heilke poultry and 
(1988) fish 
Price dependent system, 
gradually switching 
regression 
Differenced AIDS model 
separability tests 
Structural change in beef, pork 
and chidcen; post 1973 
Bias in results for structural 
change in aggregate meat model 
Differenced AIDS model 
gradual switching 
Structural change only in 
seasonal parameters: no change 
change in other parameters 
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1983}i and aggregation over consumers (Sexauer, 1979). The lesson to be 
learned from these studies is that instead of throwing away the theory 
one needs to follow several diagnostic procedures for possible 
misspecification that have occurred in the past 30 years. In this 
respect, a well known paper by Stigler and Becker (1977) made some 
relevant points. They maintained that "tastes neither change 
capriciously nor differ importantly between people." 
Again, inferences about structural change based on functional 
specification and parametric estimation might be misleading due to bias 
in misspecification. Appropriately, hypothesis testing based on 
nonparametric tests of consumer behavior (Afriat, 1967, 1973, 1981; 
Varian, 1982, 1983, Oiewert and Farkan, 1978, 1980; Hanoch and 
Rothschild, 1972) can be used. The underlying principle in the 
nonparametric tests is that consumers obey the axioms of revealed 
preference and there exists a stable demand system that fully explain the 
observed consumption behavior. So a test of violation of the revealed 
preference axiom is equivalent to identifying changes in preferences. 
Chalfant and Alston (1988) used such a nonparametric test to test 
the stability of preferences for red meat over time. Using Australian 
and U.S. data, Chalflant and Alston (1988) They found out that there were 
no switching of preferences and the data were almost entirely consistent 
with the hypothesis that changes in consumption path over time can be 
explained by changes in relative prices and changes in expenditure. 
Since these methods actually allow the construction of a well behaved 
utility function that accounts exactly for most aggregate time-series 
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data, they concluded that the rejections of the theory based on 
parametric or even semi-parametric models must result from rejection of 
functional form and not from rejection of theory per se. 
Perhaps, these results are not surprising, since on aggregate time 
series data, most quantities consumed increase over time so that 
contradictions with revealed preference theory are not possible; each new 
bundle was unobtainable at the prices and income of all previous periods. 
Further, there are some important aggregation problems remain to 
solve for analysis of market demand. Given that market demand function 
are approximations to true demand functions one needs to analyze 
approximate demand systems in light of aggregation problems. Again, the 
implied separability and homothetlc assumptions severely restrict 
estimates of demand elasticities. This outlook has major limitation for 
supporting conclusions for structural change. 
Dynamics 
Since consumers cannot adjust instantaneously to price and income 
changes, there is a delay in their response. Several representations 
have been suggested to model such behavior including habit persistence 
(Blanclfortl and Green, 1983); e^ qpectations formulations (Attfield and 
Browning, 1985); adjustment costs (Welssenberger, 1986); partial 
adjustment structures (Nadir and Rosen, 1969); state adjustment models 
(Houthakkar and Taylor, 1970; Wohlgenant and Hahn, 1982) and 
Intertemporal allocations (Philips, 1974; Lluch 1974; Klijn, 1977). The* 
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basic idea in these approaches is to capture the dynamic features of 
consumer behavior. 
Recently, a more general framework to represent dynamics was 
suggested by Anderson and Blundell (1982, 1983). This framework is based 
on error correction mechanism suggested by Hendry and Steinberg (1981) 
and postulates a general dynamic structure incorporating long run steady 
state structure with short run adjustments. Anderson and Blundell (1983) 
specification is given by, 
AW^ - A * Ax^ - B * (W^_^ - n (0) x^_j) + (4.66) 
where represents budget share; JI (6) represents long run preference 
structure; A represents difference operator; A and B are matrix of 
parameters to be estimated. A unique feature in such a representation is 
in in^ osing theoretical restrictions only on long run structure. If at 
all the theory works it should hold only in steady state, hence they 
should be in^ osed only on long run parameters. Another notable feature 
in their representation is that the general framework of dynamic 
representation nested other popular representation such as partial 
adjustment and autoregressive structures, thus providing a way of testing 
empirically. 
Using AIDS model to represent the preference structure, Anderson and 
Blundell estimated the dynamic demand system for Canadian expenditure 
data and found symmetry and homogeneity to be accepted in the long run 
and not in the short run or in static model. This result suggests that 
the theoretical restrictions which are often rejected by static models 
may be more likely to hold for general representation of dynamic model. 
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However, this is an empirical question. The jury is still out and 
similar forms of the generalized representation of dynamics could also be 
applied to approximate, local, demand systems that are often used in 
highly disaggregated demand analysis. Recently differenced AIDS models 
have become popular in representing dynamic behavior (Eales and Unnehur, 
1988; Mdschini and Meilke, 1988). Such representations provide a 
parsimonius specification of dynamic behavior frequently encountered in 
time series data. In subsequent Monte Carlo simulations, differenced 
form representation of AIDS and CES models were used. 
Concluding Remarks 
Empirical demand systems can be directly specified or derived from a 
specified objective function of the consumer optimization problem. 
Different specification inqposes different behavioral restrictions on 
consumer behavior. So it comes as no surprise that demand elasticities 
are sensitive to specifications of demand system. Reliable estimates of 
price and income elasticities particularly with respect to cross price 
elasticities is very much lacking. Some progress is made in this respect 
by adopting pragmatic approach. Still some aggregation problems have to 
be overcome. 
Tests of theory based on static demand systems have been mixed. A 
number of factors such as omission of dynamics, bias in functional 
misspecification, small sample bias, measurement error and so on have 
been suggested to cause rejections of theory. Alternatively aggregation 
conditions may also restrict the nature of restrictions that carry over 
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to the market behavior. The next chapter elaborates market demand theory 
and analyzes the conditions under which the theoretical restrictions of 
consumer theory hold at the market level. 
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End Notes 
There is no requirement that any y be positive, however, this 
assumption provides a meaningful interpretation of LES parameters. 
If TjS are positive IPj/j is the substance expenditures and what is 
left after this is the supernumeracy expenditure. This is allocated 
according to b., which is the marginal budget share. This 
interrelation is due to Samuelson (1948). 
Given the equality and symmetry restrictions additivity restrictions 
for translog model is given by • 6 where 9 is some constant. 
The translog approximation to an additive utility function is not 
necessarily additive. Additivity of the translog form requires that 
be equal to zero for jfk; j,k»l,...n. 
Let e(x) " q(x) - q^ (x/8) be the error in approximating a given 
function q(x) by q^ . For 1 & p < * sobolev norm assigns this error 
of approximation value 
Hell _ • { Z / [(d^ /d^ ) e(x)]P f(x) dxl^ P^ where 0 < a < b < 2n and 
"•P i-0 a * 
f(x) is the probability density function (El Badawi et al. 1983; 
Gallant, 1984). 
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CHAPTER V. MARKET APPROXIMATION THEORY AMD METHODS 
While the microfoundations are based on individual consumer theory, 
much of the observable behavior is at the market level. Thus, it is 
natural to investigate how the market demand estimation can be restricted 
by utility hypothesis. The market demand theory which establishes 
properties of market demand was studied by Sonnenschein (1973a, 1973b, 
1974) and later on extended by Mantel (1977), Diewert (1977) and Andreu 
(1982). In this chapter, market demand theory is reviewed and extended 
using approximation concepts. A Monte Carlo model is set up to study the 
relationship between the micro and market behavior. Several experiments 
are specified to study the approximation, and local properties of the 
market demand functions. Methods for studying properties of 
approximations of market demand functions through response surfaces are 
also outlined. 
Market Demand Theory 
In the framework of Walrasian equilibrium theory, one is interested 
in knowing the conditions under which a market demand system is uniquely 
determined at every price system, and if so, when it is a well-behaved 
function of prices. Clearly, when the number of consumers are large and 
if individual consumers are represented by individual demands q, rather 
than preference relationship then market demand could be expressed as 
a sum or average of individual demands. 
In the case of finite number of consumers with income or wealths y^ ; 
h " 1, ... H individuals, aggregate income can be written as. 
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H y. 
y* • y Z (ç-) 
h-i y 
• 4i "h 
or 
- / y de (5.1) 
where 0 is the distribution of income. Hence, the market demand 
represented by summation of individual demand depends on prices, income 
and as well as on distribution of income (Gorman, 1953, 1956, 1976; 
Muellbauer, 1975). For some G, the aggregate demand function can be 
reduced to a market demand function which depends only on prices (p) and 
income (y). As pointed out by Shafer and Sonnenschein (1982, p. 674): 
"A demand function q is called a market demand function if there 
exists h k 1 positive numbers 6^  (£ * 1) and H consumer demand 
functions q^ *, .... q*, such that 
H * 
Q • I qL (P, G^ y) holds for every (p,y) in the domain q ." 
h-1 " " 
By Walras Law (see Varian, 1978), all markets should clear, that is, 
sum of the value of excess demand functions should be equal to zero. So 
only relative prices can be determined in the market. This implies that 
market demand functions must inherit the properties of homogeneity and 
budget equality from the individual theory. Since the consumer theory is 
based on utility hypothesis, it is natural to ask whether the market 
demand functions exhibit the properties resulting from the assumption of 
utility maximization hypothesis. For a long time, many economists 
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believed that such properties carried over to the market level. Evidence 
of this belief is shown in the notion of "representative" consumer 
(described in Chapter Two). 
It was Sonnenschein (1973a, 1973b) who first fully investigated 
whether utility maximization hypothesis restrictions carry over to a 
class of market demand functions. Precisely Sonnenschein (1973b) 
demonstrated the following result: 
"Let q be a demand function for n commodities. Then for any (p,y) e 
A there exists a market demand function generated by H consumers with 
demand functions (q^ ) such that, 
for each h, j" (Shafer and Sonnenschein, 1982, p. 688). The implication 
of the above result is that there are no restrictions placed on market 
demand (except homogeneity and budget equality). 
Following this Debreu (1974) showed that there are no restrictions 
on market demand functions if no restrictions are placed on consumers' 
characteristics. Diewert (1977) and Mantel (1977) generalized 
Sonnenschein's result by demonstrating that there are restrictions on the 
first derivatives of market demand functions if H < n, i.e., number of 
consumers is less than number of commodities. This is of course an 
H 
q(p.y) • I (P'y/H) 
h-1 " 
and 
y Sj 
h-l 
H a q^-j (p.y/H) 
(5.2) 
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unrealistic situation. Moreover, they showed that these are the only 
restrictions that can be developed without further assumptions. 
Geanakoplos and Polemarchakis (1980) and Debreu (1974) demonstrated 
that the larger the group of individuals considered, the higher the 
degree of "arbitrariness" that aggregate behavior can display; and if the 
number of individuals is equal to or exceeds the number of commodities, 
the market aggregates need not obey any restriction other than 
homogeneity in prices and Walras Law. 
Utility hypothesis and market demand theory 
Alternatively, one might ask whether there are restrictions on 
individual preferences which can insure that market demand coincides with 
individual demand for a suitably chosen consumer. This is precisely what 
Shafer and Sonnenschein (1982) investigated in a study which showed that 
the conditions which satisfy the above situation is analogous to the 
result due to Eisenberg (1961) and Chipman and Moore (1976). They showed 
that if preferences of each individual can be represented by a 
homogeneous of degree one utility function u^ , and if income shares are 
fixed, y^  • ô^ y, > 0, » 1; then the market demand is generated by 
the homogenous of degree one utility function (i.e., homothetic 
preferences). 
The implication is that homothetic preferences and proportional 
income are important in representing market (excess) demand functions, as 
aggregates of individual consumer demand function, carrying forward the 
utility maximization restrictions. With a fixed distribution of income. 
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homothetlcity of individual preferences is sufficient for a market demand 
function to be Integrated to derive a utility function; and to exhibit a 
negative senldeflnlte Slutsky matrix (Chlpman, 1974; Mantel, 1976; 
Shafer, 1977). On the other hand, if consumers' Incomes vary, then their 
demands must satisfy stringent conditions (namely homothetlcity, 
(identical consumers and distribution of income independent of prices) in 
order for their mean demand to be a well defined function of the prices 
and mean income. This is basically Eisenberg's (1961) theorem. 
A useful alternative approach to that of a fixed expenditure 
distribution and one that employs rather weaker assun^ tions is a 
stochastic formulation. Let the differential individual demand function 
be 
. ap,. 
which after substitution using the Slutsky equation, becomes 
- % 9kh + I dPk ' 
where Sj^  are the Slutsky terms. Average demand for H consumers is 
" X 2 ^  "5'h - Ï + I »Jk ''"k- ".5) 
Now the Slutsky matrix S comprising of elements Sj^  will be symmetric if 
Sj^  is in (5.4) and will give perfect aggregation to average expenditure 
y if 
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This condition is satisfied when independent of *h' linear 
parallel Engel curves or when the utility distribution is fixed so that 
(dy^  - % qjçjj dpjç) is independent of h. 
Several attempts have been made to improve on these restrictive 
conditions. A fruitful approach by Hildenbrand (1983) indicated that, in 
an economy with identical consumers, if the density of distribution of 
total consumer expenditures is decreasing, then the demand curves are 
also decreasing, whatever the preferences may be. While this approach 
abstracts from the unrealistic restriction of homotheticity of individual 
preferences, it is achieved at the expense of another assumption of 
decreasing distribution of total expenditure which is again generally 
empirically false. 
In extending Hildenbrand*s work Chiappori (1985) showed that 
properties on first derivative of demand (decreasing demand curves) may 
be obtained by introducing restrictions on the form of demand functions 
and about the distribution of expenditure. Specifically, he noted a 
trade off between the respective restrictiveness of conditions about 
Engel curves and the distribution of expenditures. 
Forms of individual demand function and market demand theory 
Related to the issue of market demand theory is the development by 
Lau (1977b, 1982); Muellbauer (1975, 1976); Gorman (1953, 1976, 1981) and 
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Jerlson (1982, 1984) establishing the forms of the individual demand 
functions that are consistent with aggregation theory. The various 
approaches have been described in Chapter Three. The purpose of this 
section is to show the underlying restrictions or limitations of these 
approaches for empirical analysis. The theme of this discussion is that 
consistent aggregation is almost never possible. 
In the Muellbauer approach "representativity" is achieved by 
specifying the level of income as, 
for all vector (y^ , ... y^ , p). Further he showed that such a 
representative consumer exists if and only if the individual budget share 
functions are of "Generalized Linear" form, namely 
where a(p), b(p) are functions. The generalized linear demand function 
implies quasi-homothetic preferences, resulting in linear Engel curves. 
This indicates that aggregate demand is determined by aggregate income 
and the price vector, independent of income distribution. For the 
aggregate demand to exhibit the properties of consumer demand, then the 
income distribution should be independent of prices (Eisenberg's 
theorem). Muellbauer (1976) showed such demands should be of the form 
w 
j 
(5.7) 
Wjh (y^ 'P) - a(p) + (y^ .P) b(p) j - 1 ... n; 
h • 1 ... H, (5.8) 
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w. - a(p) + b(p) y®, (5.9) 
or when a goes to zero, 
Wj " a(p) + b(p) In y. (5.10) 
This is called a price independent generalized linear form (PI6L). Note 
that Muellbauer's representative income y* generally differs from mean 
income and the demand for Muellbauer's representative consumer is not the 
mean demand for the individuals aggregated in a market. 
The theory of exact aggregation (Lau, 1977b; Jorgenson, Lau and 
Stoker, 1980, 1982) generalized Muellbauer's approach by incorporating 
individual characteristics into demand analysis. The theorem of exact 
aggregation (Chapter Three) states that the aggregate demand should be of 
the form, 
" Fj [p, g J (p, y2 ••• y^  I ... Ag), ... 
where g^  (A=l,2, ... L) is a nonconstant function which is symmetric with 
respect to individuals (1, 2, ... H); where A represents demographic 
characteristics attributes. The function g^  represents statistics of the 
underlying income (y) and attributes (A) distributions. For exact 
aggregation to hold, the individual demand should be of the form, 
• ••» 8j^ (p» I ^2* '** ^1 *** ^ (5.11) 
(5.12) 
where p'C^ (p) - 1, p'Cg(p) • 0, i • 2, ... L; C^ (p) is a set of 
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linearly independent functions. Stoker (1984) has shown that for 
equation (5.11) to exhibit a symmetric and negative semidefinite matrix 
of price derivatives (generalized Slutsky conditions) the individual 
demand should be of the form (5.12) which implies again homotheticity 
(Jorgenson, Lau, and Stoker, 1982). However, these results are derived 
without any restriction on distribution of total expenditure and taste 
difference. In fact. Stoker (1984, p. 374) points out that the 'results 
will not hold if the expenditure - attribute distribution is fixed or 
depends only on average total expenditure.' In this way the fixed 
distribution assumption is crucial to Sonnenschein's results on market 
demand. 
Recently, Jerison (1984) showed that the forms individual demands 
that aggregate with all elements of an arbitrary set of fixed income 
distributions must be one of the following: 
j^h • *jh(P) bj(p)(*n (5.13) 
Vjh - aj(p) + bjh(p) yj , (5.14) 
Vjh - aj(p) + Vjj(yj^ ,p) bj(p), (5.15) 
3 " 1, ... n, 
h - 1, ... H. 
where v^  is scalar valued function; a(p) and b(p) are some linear 
homogeneous functions. 
Note that the demand functions derived from the various approaches 
to aggregation are all special cases of the derived above functions. The 
demand functions derived by Antonèlli, 1886, in Chipman et al. (1971); 
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Gorman (1953) and Nataf (1953) which aggregate even without restriction 
on the distribution of income, have budget shares of the form (5.14) with 
a " -1. Fearce (1964) examined the case of (5.14) with a " 1. The AIDS 
model of Oeaton and Muellbauer (1980a) have the form (5.13) with bj(p) 
constant and Aj^ (p) quadratic in the logarithms of prices. These 
specifications imply (quasi) homotheticity utility assumption. 
From this discussion it is clear that market demand functions 
exhibit the properties inplied by utility theory only under very special 
cases. The market demand functions are arbitrary in nature and should be 
viewed as approximations to some true unknown demand function. For a 
discussion on market approximations see Johnson et al. (1986) and for 
applications in food demand analysis see Huang (1985); Huang and 
Haidacher (1983); and Safyurtlu et al. (1986). This concept of local 
approximations in relation to market demand theory is discussed next. 
Approximation 
The concept of 'approximations' has been in vogue for long time. In 
demand analysis, the introduction of Rotterdam model is based on such a 
concept. Though economists have alluded to the fact that all market 
demands are Inherently "local approximations" to some unknown functions, 
the nature and degree of errors in approximation have not been well 
established. 
Byron (1984) made a first step towards a better understanding of the 
approximation characteristics of demand systems. Specifically, he 
examined at the ability of Rotterdam model in approximating the 
underlying demand systems. He maintained that the constancy of 
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parameters assumed in the Rotterdam model introduced large approximation 
errors and a potential source of bias. 
The Rotterdam model (4.37) with time subscripts can be written as: 
n * 
"Jt 1» «Jt • ®jt"t + ® Jkt d Pkt ' 
where 8^  ^- Pj, (8,^ /^9/^ ) and - (PjtWi't'Sjkf 
With and S*j^  ^being fixed in estimation, the Rotterdam model becomes 
+ Jj Sjko + fjt-
where Dqj^ , DY^  and Dpj^  ^are respectively discrete approximations to 
dlnqj^ , (diny^  - % ^kt^ "^^ kt^ ' dlnpj^ ^^ ; and r^  ^is an error terra^ . 
This error term includes not only the errors due to the discrete 
approximation to differentials of logarithms but also such terms like 
(8Gj^ /3y^ ) Dq^  DY^  (Byron, 1984, p. 275). Essentially, Byron argued that 
such remainder terms will be large relative to the regressor variables if 
8j^  and coefficients exhibit trends potentially creating a bias. 
And, with a numerical exercise Byron showed that this bias may be 
considerable. 
Recently Mountain (1988) showed that the discrete Rotterdam 
formulation can be derived from an approximation in the space of 
variables (i.e., quantities, prices, or income). He argued that since 
the discrete formulation is an approximation in variables corresponding 
estimated elasticities are also approximations. Thus, the discrete 
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Rotterdam model, like the other flexible functional forms, at the 
individual consumer level is a valid linear approximation in variable 
space. He showed that the order of the approximation is no lower than 
that for other flexible functional forms. 
While the above studies are useful in studying approximation 
characteristics of demand systems, they are based on the Rotterdam 
specification which limits the extent to which the results can be 
generalized. It is also of interest to study approximation 
characteristics in the light of aggregation conditions and forms of 
individual demand systems. Little is known about the nature and or 
magnitude of approximation error and other errors in market demand 
functions locally and under stringent conditions implied by 
integrability. 
Extension 
Byron has pointed out that the remainder term in (5.17) is 
'jt - ' (Pf ^ t' - - I s'jko "Pkt 
and if Z are the independent variables in the Rotterdam model, the least 
square bias is (Z'Z) Z'r. A similar reasoning can be extended to analyze 
market demand theory. Recall that market demand functions, in general, 
attempt to find a relationship between mean consumption, mean income and 
prices. For market demand function to be consistent with aggregation it 
should be expressed as, 
Qj • qj (p. y. *) (5.19) 
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where ^  represents set of variables related to aggregation. The commonly 
known variables of * are the symmetry statistics of distribution of 
income (Jorgenson et al. 1982). However, the term * could include 
statistics related to distribution of prices, demographics and other 
implied characteristics of the individual demand functions (see earlier 
discussion in this chapter as well as Chapter Two). In time series 
analysis often * is neglected. This introduces a bias which is related 
to aggregation bias and known econometrically as the omitted variable 
bias. 
To illustrate this point further, let the estimated market demand 
be, 
qj • qj (p, y) + e. (5.20) 
Hence Z represents the variables p and y; then the omitted variable bias 
is (Z'Z) Z'e. Let this be R. Then, 
where p represents the individual demand functions parameters. In 
estimation of (5.20), only the mean of distributions of income and prices 
are considered; the higher moments are ignored. We postulate that second 
moments of distributions (variance) are the omitted variables. Then 
aggregation and omitted variable bias can be expressed as. 
R " f (*, Z I p); (5.21) 
R = f (Og, P) (5.22) 
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a 
where represents variance of Z variables. It should be noted that the 
above representation is a general representation. For the Rotterdam 
model combining equations (5.18) and (5.21), R should also include r 
(equation 5.18). If aggregation bias are in^ ortant and significant then 
Rotterdam model should exhibit greater absolute bias which includes a 
bias from assuming the constancy of parameters (Byron, 1984) and as well 
as the aggregation bias (Barnett, 1979b). 
Equation (5.22) forms the basis for present study. If micro data 
were available, it would be possible to evaluate the aggregation errors 
and approximation characteristics of the market demand exactly. However 
this situation seldom exists in practice. Alternatively, numerical 
methods were applied. 
Monte Carlo Set Up 
Assume that each individual consumer allocates her/his income to the 
various commodities according to a specified (indirect) utility function, 
given prices and income. The question that arises naturally is whether 
it is possible to construct a micro demand system such that a market 
demand system (expressed in terms of per capita demand in per capita 
income and prices) exists that is consistent with theory, and if so, how 
are they related? 
In dealing with this question one should take into account the 
market demand theory of Eisenberg (1961), Shafer and Sonnenschein, (1982) 
and others. Essentially assumptions about forms of individual demand and 
distributions of income and prices are important. This is reflected in 
the Monte Carlo model. To carry out numerical exercise, we assumed that 
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individuals are identical, that is, the distribution of attributes or 
demographic characteristics is assumed constant. Given a set of demand 
functions, (p, 7%), j " 1 n commodities, h - 1 ... H 
individuals; t - 1, ... T time periods optimal consumption of commodities 
was calculated for randomly generated prices and income from assumed 
distributions. It is assumed that individuals on the market face 
identical prices, that is, the vector of price series generated from the 
assumed distribution are the market prices. So the individuals differ in 
terms of their total outlay. The number of individuals, H in the Monte 
Carlo e^ eriments was set at 200; and the sample time period, T was 
specified to be 51, so that 50 observations would be available at the 
market level after differencing. The number of commodités, n was set to 
be 4. Market level data was constructed by horizontally summing the 
simulated individual level data, and e^ qiressing in per capita terms. To 
this "pseudo" market data, different market demand systems were applied, 
and the local, approximation properties analyzed. These are the steps 
involved in the Monte Carlo procedure illustrated in Figure 5.1. 
Several experiments were carried out to analyze the approximation 
characteristics of market demand systems. The experiments were set up in 
two phases. In phase I, the market approximation of the underlying 
demand systems and their relationship to individual demand system was 
studied. In phase II, experiments were designed to construct response 
surfaces of bias due to factors associated with market demand theory. 
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Step 1: Specify Indirect Individual Utility Function 
nomothetic Nonhomothetic 
Step 2: Derive Individual demand functions 
Step 3: Generate a Vector of Prices and Income-Log Normal Distribution 
Constant Variance Over Time Variance Changing Over Time 
Step 4: Compute Individual Optimal Consumptions 
Step 5: Aggregate Individual Data to Fseudomarket Data 
Step 6: Apply Various Market Demand Specifications 
Step 7: Analyze Correspondence to Microdata 
Step 8: Draw Conclusions for Applied Demand Systems Specifications 
Figure 5.1. Steps in the Monte Carlo experiments 
Table 5.1. Structure of phase I Monte Carlo experiments 
Individual 
Experiment Demand Systems 
Distribution of 
Income Prices 
Estimated Market 
Demand Systems^  
1. 
2. 
3. 
4. 
Translog (symmetry, 
nonhomothetic) 
Constant Constant Translog (TL06) 
Differenced AIDS model (AIDS) 
Varying Constant Rotterdam model (ROT) 
Constant Varying Differenced Constant 
Varying Varying Elasticity Demand System (ŒS) 
Linear Expenditure System (LES) 
5. 
6. 
7. 
8. 
Translog (Homothetic) Constant Constant Translog (TLOG) 
Varying Constant Differenced AIDS model (AIDS) 
Constant Varying Rotterdam model 
Varying Varying Differenced Constant 
Elasticity Demand System (CES) 
Linear E^ enditure System (LES) 
9. 
10. 
11. 
12, 
Linear Expenditure 
System 
Constant Constant 
Varying 
Constant 
Varying 
Constant 
Var3ring 
Varying 
Translog (TLOG) 
Differenced AIDS model (AIDS) 
Rotterdam model 
Differenced Constant 
Elasticity Danand System (CES) 
 ^Both restricted and unrestricted forms of the demand systems were estimated 
except for the Linear Expenditure System. 
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Design of phase I experiments 
The objective of this exercise is to evaluate the performance of 
various complete demand systems in relation to the underlying individual 
demand system, aggregation and consistency with utility maximization. 
The structure of the various experiments in phase I is shown in Table 
5.1. Three demand systems were chosen to represent individual demand. 
They are the translog, homothetic translog, and linear expenditure 
system. These demand systems were described in Chapter Four. The demand 
systems can be expressed as: 
(i) Translog (nonhomothetic, symmetry version) 
n 
'j "jk "'Vyh' 
(5.23) 
(ii) Homothetic translog (exact aggregation representation) 
n 
(5.24) 
(iii) Linear expenditure system 
Qjh - fj + (P - T TjPj), (5.25) 
where Wj is the budget share of the commodity; Pj's are the prices; 
y^  is the income of h^  ^consumers; is the quantity demanded of 
commodity by h^  ^individuals. 
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The choices of the demand systems reflect different classes of 
utility functions. The nonhomothetic translog represents a class of 
second order flexible functional forms; the homothetic version represents 
consistency in aggregation (Jorgenson et al. 1982); and LES represents a 
class of utility function that are additive but quite restrictive in 
nature. 
For each of the underlying individual demand systems, various forms 
of demand systems were applied at the market level. They include the 
translog demand system, the differenced AIDS model, the Rotterdam demand 
system, the differenced constant elasticity demand (double log) system 
and the linear e3q)enditure system. In estimating these both restricted 
and unrestricted forms were estimated, except in the case of LES. In 
either case the adding-up restriction was imposed by deleting of the 
equations in the demand system. Since the translog demand system with 
normalized prices in^ lies homogeneity, only additivity and symmetry 
restrictions were imposed. For the AIDS, Rotterdam and CES the 
restricted versions inçly both homogeneity and symmetry restriction. LES 
automatically satisfies the theoretical restrictions. This resulted in 
nine demand systems at the market level for each assumed individual 
demand system. 
For each individual demand system, four experiments were conducted 
based on assumptions about whether the distribution of income and prices, 
was constant or varying. In total, 12 e:q)eriments were conducted in 
phase I. Each e]q)eriment had 40 replications. Thus, in the case of the 
translog and homothetic translog demand systems, a total of 1,400 sum of 
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squared error functions for each system were to be minimized. However, 
in the LES case, since the correspondence from LES at individual level to 
LES in market level is obvious, LES was not estimated at the market 
level*. This resulted in a total of 1,280 demand systems at the market 
level for Case III, making a grand total of 4,160 demand systems 
estimated for all three cases. 
All programs were written using SAS (Version 5) Proc Matrix and Froc 
Sysnlin procedures. The programs were run on an IBM 9370 machine, using 
CMS operating system. 
Experimental data 
To simulate the behavior of individuals satisfying various 
conditions designed in the experiments, knowledge of model parameters 
is essential. They should be chosen carefully in order to insure 
positive quantities.' Four commodities, consistent with the dimensions 
selected by Byron (1984) were chosen and we used Byron's estimates for . 
nonhomothetic translog demand system. The estimates for homothetic 
version of translog were derived by first generating the budget shares 
using nonhomothetic translog, and then fitting the homothetic version of 
translog. The resulting estimates were used in the simulation procedure. 
This procedure makes the data in both cases somewhat comparable. The 
parameters for LES individual demand system was chosen arbitrarily but 
using Byron's LES parameters as a guideline. The parameter estimates 
used for all three models are provided in Table 5.2. 
For simulating individual data, income and price series had to be 
generated. For simplicity it is assumed that the distribution of total 
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Table 5.2. Parameters for individual demand functions based on different 
model specification 
Translog Demand System (Nonhomothetic and Symmetric) 
Pjl Pj2 Pj3 Pj4 
1 -0.25 -0.25 -0.10 -0.05 0.10 
2 -0.20 -0.10 -0.50 0.20 0.05 
3 -0.30 -0.05 0.20 -0.75 0.25 
4 -0.25 0.10 0.05 0.25 -1.00 
Translog Demand System (Exact Aggregation-homothetic and symmetric) 
Pjl Pj2 Pj3 Pj4 Pjm °kj 
1 -0.173 0.125 0.113 0.105 -0.343 -0.253 x 10"^  0.450 
2 -0.234 0.113 0.224 0.080 -0.412 -0.0055 0.549 
3 -0.235 0.105 0.080 0.280 -0.367 -0.098 0.569 
Linear Expenditure System (LES) 
h 
1 0.5 0.20 
2 0.2 0.35 
3 0.3 0.15 
4 10.0 0.30 
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expenditure, y and prices, p are log normal, i.e., the density of y^  ^and 
Pj^  with respect to Lebesque measure is 
P(x|0°) - r-T- exp "(1** (5.26) 
2no (0 )x 2 o(e 
where x is the variable ( y^  or py), 6 is mean; is the variance (see 
Johnson and Kotz, 1970; Stoker, 1986a). While there is some evidence 
that income might behave as if it is generated from a log normal 
distribution (Chiappori, 1985) there is little information about the 
nature of distribution for prices. In phase I experiments two forms of 
distribution movement were considered: 
0 3 2 
(i) Constant over time o(6 ) " o* 
0 a a 
(ii) Varying over time o(0 ) • o® + Xt where X > 0, a constant. 
The mean, variance and \ values for log normal distribution used to 
generate prices and income data are present in Table 5.3. 
Phase II Experiments: Response Surface Method 
Monte Carlo simulation models are often criticized for the 
sensitivity in results to underlying the parameter estimates, data 
points chosen and lack of design (Maddala and Roberts, 1980). Hendry, 
(1984) has argued that Monte Carlo experimentation can adequately 
contribute to the analytical results and response surface methods could 
be very useful in summarizing the Monte Carlo results. In the spirit of 
Hendry, we attempt to approximate the unknown relationship in (5.22) 
between the market parameters to the factors associated with market 
demand theory through a quadratic response function. 
133 
Table 5.3. Parameters for lognormal distributions for prices and income 
data 
Pi P2 P3 P4 y 
Mean (8*) 3.5 3.3 3.6 3.75 9.12 
Variance (o*) 0.10 0.05 0.008 0.15 0.5 
X 0.01 0.005 0.0008 0.015 0.0025 
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For this purpose, we chose the translog nonhomothetic and symmetry 
version individual demand system and applied an e3q>erimental design to 
make e:q>licit the link between the design and the choice of the response 
function (see Cochran and Cox, 1957; Box, Hunter and Hunter, 1978; Box 
and Draper, 1987). 
Some widely used terminologies are useful. The definitions used 
below are based on Khuri and Cornell (1987, pp. 4-13). Factors are the 
input variables whose values are controlled in the experiment by the 
experimentator. In our experiments the variance of the distribution of 
income is an example. Presumably, then as the values of the factors are 
varied the values of the response variables also vary. The response 
variable is the measured quantity whose value is assumed to be affected 
by changing the levels of factors. The elasticity estimate of the market 
demand system is a response variable. Since we are interested in 
studying the approximation properties of the different market demand 
systems and their relationship to the micro demand systems, the response 
in this study is measured in terms of the "bias" in elasticities and the 
variance of the theoretical restrictions. Given a micro demand system, 
the true elasticities are known and hence, the bias in elasticities for 
market demand systems can be calculated very easily. The function to be 
estimated for the response variable due to the levels of K factors is 
known as the response function. It is often useful to approximate an 
unknown function as a quadratic function of the factors. The quadratic 
function produces second order response surface. The quadratic function 
can be written as 
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* - b. + 2 Xk + 'ik Xk + «ik Xj. «•"' 
where R is the response measured in terms of bias in elasticities or 
variance of the slutsky restrictions, X are the levels of factors; and b 
are the parameters. 
An important issue in designing the eiqieriment is to determine the 
factors and their levels to be varied (at a minimum) so as to estimate a 
quadratic response function. The factors considered in these experiments 
are: variance of the distribution of income (SIGY); variance of 
distribution of prices (SIGPl, SIGF2, SIGP3, SIGP4) and three 
coefficients involving the symmetry restriction in the translog model 
(i.e., pi2-p21; pi3-p31; ^ 23*^ 32). The symmetry related coefficients 
were chosen to reflect the variation in choice circumstances for 
individuals. The motivation for choosing variance of distribution of 
income and prices, of course, comes from the market demand theory and 
market approximations and aggregation issues. In our model there are 
four prices and one income variable. So a total of eight factors are 
associated with the response variable. 
In deciding on the levels of these factors to be varied, it is 
important to keep them at a minimum and at the same time adequate enough 
to provide information for fitting both the linear and quadratic terms 
of the response function. Generally, three levels of each factor is 
necessary to capture the quadratic effects in a response function. But 
the problem with this approach is that as the number of factors 
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increases the size of the design points required also increases 
tremendously. With eight factors a 3 design amounts to 6561 
combinations. Fortunately, this level of experimentation is not 
essential. 
A reasonably efficient and commonly used layout for quadratic 
response surfaces in K space is the Central Composite design (Box and 
Draper, 1987; Cochran and Cox, 1957). A Central Composite design 
consists of: 
(i) a full or fractional 2K factorial design, where the factor 
levels are coded to -1 (low level), +1 (high level) values. 
This is called the factorial portion of the design; 
(ii) extreme points ("star" or extreme axial points) for each of 
the design variables at a distance of a from the center value 
while keeping other variables at the central value; 
(iii) the central point itself. 
An illustration of Central Composite design with three factors is 
provided in Figure A.1. The coding of factors is shown in Table A.l. 
With a full 2K factorial design and star and central points this yielded 
64+16+1 = 81 design points. This number was further reduced by utilizing 
a fractional two-level-factorial design in the composite 
design. In the present study a 1/4 th fractional factorial design was 
employed. This resulted in a total of 33 design points (64/4+16+1 - 33). 
The plan used for fractional 2K design (of resolution IV) is provided in 
Table A. 2. The design of the central and axial points are presented in 
Table A.3. 
137 
Concluding Remarks 
Market demand theory is concerned with analyzing the properties of 
market demand functions. Con^ ared to individual theory the investigation 
of these properties are relatively new and have not been fully understood 
by the applied demand analysts. Accordingly market demand functions need 
not exhibit the characteristics of individual demand functions except 
under special cases. Also, market demand functions should be viewed as 
approximations like other statistical functions. 
Since the underlying motivation for estimation of market demand 
functions is to derive the demand elasticities, the approximation 
characteristics of market demand functions are studied in relation to 
these demand parameters. Byron's (1984) study provides a first atten^ t 
to study approximation characteristics for a market demand system. But 
his results were specific to Rotterdam model and ignored aggregation 
Issues. 
This chapter extended Byron's idea to study aggregation and other 
issues related to market demand theory and a Monte Carlo model was 
specified to study the relationship between the individual demand and 
market demand. Several experiments were designed to study the 
approximations properties of various market demand systems in relation to 
specific individual demand system. One set of experiments were designed 
to estimate response surfaces for the bias in elasticities and variance 
of theoretical restrictions based on a Central Composite design. 
The results of these e3q>eriments may help to resolve or provide 
insights to the much needed Informations on the flexibility, local 
properties and approximations in market demand estimation. 
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End Notes 
1. Byron alludes that these remainder terms are as a result of expansion 
in a MacLaurin's series about the point of approximation but 
provides no proof. 
2. Kiefer and MacKinnon (1976) indicated that when the true system is 
known and if the true error terms do not exhibit autocorrelation, the 
bias in elasticity estimates are minimal. 
3. Caves and Christensen (1980) suggested to choose parameters based on 
some known elasticities. This is somewhat ironic as this is 
precisely what is to be estimated from demand estimation. However, 
we decided to use Byron's (1984) choice of translog nonhomothetic the 
symmetric demand system. 
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CHAPTER VI. MONTE CARLO RESULTS AND DISCUSSION 
The results of the eoqperiments described in the previous chapter are 
discussed in this chapter in two sections corresponding to the two phases 
of the ejqperinents. For phase I experiments, the results were evaluated 
using the bias in elasticities and the rejection of theoretical 
restrictions. For phase II e:q)eriments, the response curves were fitted 
for the bias in elasticities and as well as to variance of the 
theoretical restrictions. 
Results of Phase I Experiments 
Phase I experiments were designed to analyze the effect of changes 
in distributions of income and prices with respect to a particular 
demand system. The approximating properties of the various market level 
demand systems are evaluated in terms of the bias in elasticities and 
variance of the estimated elasticities. Then, the level of rejection of 
the symmetry and homogeneity restrictions under various assumptions about 
the distribution of income and with different individual demand systems 
are discussed. 
Bias and variance in demand elasticities 
One of the objectives of the study was to study the approximation 
behavior of various market demand systems pertaining to a given 
individual demand system. If the market demand systems approximate the 
true system closely, then the "bias" will be minimal. In the Monte Carlo 
set up the "true" system is the pre-specified individual demand system, 
namely nonhomothetic translog, homothetic translog, and linear 
expenditure system. 
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Since it is hard to interpret the coefficients of different demand 
systems directly, it is common to compare their performance through the 
estimated demand elasticities. Since these elasticities are crucial in 
market intervention and policy analysis, it is natural from an applied 
viewpoint to study the approximation properties in terms of the demand 
elasticities. The parameters of the various market demand systems and 
means of prices, income and budget shares of the "pseudo" market data 
were used in computing the elasticities. The elasticity formulae for the 
various demand systems used in this study are described in Chapter Four. 
The bias is defined as the absolute deviation between the "true" 
elasticity and the estimated elasticity of the various market demand 
systems. The true elasticity was computed based on the parameters of the 
individual demand system. It is worthwhile to emphasis that the bias 
confuted includes not only the aggregation bias but also bias due to 
mlsspeclfication. The variance measure is the actual variance observed 
in the estimated elasticities over the number of replications. The bias 
and the variance of the estimated elasticities are presented in Tables 
6.1, 6.2 and 6.3 for nonhomothetlc translog individual demand system; in 
Tables 6.4, 6.5, and 6.6 for homothetlc version of the translog 
individual demand system and in Tables 6.7, 6.8 and 6.9 for linear 
expenditure individual demand system. The results are discussed in terms 
of price elasticities. Income elasticities and variance of the 
elasticities. 
Own and cross price elasticities A perusal of the tables 
presenting the results to price elasticities (Tables 6.1, 6.2, 6.4, 6.5, 
Table 6.1. Bias and variance In own price elasticities based on nonhomothetic symmetric 
Individual translog demand system under various assumptions of 
distributions of Income and prices 
Elasticity Demand Distribution of Distribution of Distribution of Distribution of 
with systems income and prices income varying prices varying incoae and prices 
respect to constant varying 
commodity - - -
Bias Variance 
(10^ ) 
Bias Variance 
(10^ ) 
Bias Variance 
(10^ ) 
Bias Variance 
<10^  
1 Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0464 
0.0458 
0.1381 
0.0327 
0.0235 
0.0016 
0.0025 
0.0865 
0.0032 
1.1524 
0.0472 
0.0466 
0.1405 
0.0323 
0.0125 
0.0024 
0.0028 
0.1228 
0.0040 
0.4806 
0.0474 
0.0457 
0.1190 
0.0325 
0.0177 
0.0092 
0.0175 
0.8923 
0.0213 
1.3500 
0.0489 
0.0475 
0.1204 
0.0322 
0.0235 
0.0092 
0.0138 
0.9341 
0.0199 
1.2919 
2 Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0420 
0.0411 
0.2062 
0.0204 
0.0347 
0.0057 
0.0126 
0.1608 
0.0119 
3.1743 
0.0431 
0.0427 
0.2053 
0.0198 
0.0357 
0.0071 
0.0104 
0.0918 
0.0142 
2.3386 
0.0428 
0.0390 
0.1740 
0.0201 
0.0090 
0.0273 
0.0509 
1.3960 
0.0753 
2.3485 
0.0454 
0.0411 
0.1748 
0.0202 
0.0066 
0.0200 
0.0342 
0.9941 
0.0515 
3.8233 
3 Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0T91 
0.0754 
0.2113 
0.0357 
0.0265 
0.0267 
0.0432 
0.1821 
0.0810 
22.7763 
0.0832 
0.0787 
0.2101 
0.0342 
0.0330 
0.0220 
0.0491 
0.1632 
0.0934 
18.7126 
0.0819 
0.0727 
0.1758 
0.0384 
0.1296 
0.1609 
0.2580 
1.3424 
0.4905 
11.5489 
0.0865 
0.0749 
0.1816 
0.0356 
0.09% 
0.1338 
0.2645 
1.3836 
0.4081 
16.8832 
Table 6.2. Bias and variance in cross price elasticities based on nonhomothetid 
symmetric Individual translog demand system under various assumptions 
of distributions of income and prices 
Elasticity* Oennd Distribution of Distribution of Distribution of Distribution of 
systems income and prices income varying prices varying income and prices 
constant varyi* 
Bias Variance Bias Vari^  Bias Variance Bias Variance 
(10^ ) <10"^ ) (10-3) (10-3) -
12 
12 
12 
12 
12 
Translog 
AIDS 
Rotterdam 
CES (doii)le log) 
LES 
0.0044 
0.0051 
0.4451 
0.0015 
0.0571 
0.0003 
0.0027 
0.0732 
0.0018 
0.1968 
0.0048 
0.0055 
0.4443 
0.0014 
0.0554 
0.0005 
0.0023 
0.0542 
0.0031 
0.1308 
0.0045 
0.0068 
0.4379 
0.0010 
0.0657 
0.0016 
0.0150 
0.3999 
0.0137 
0.2352 
0.0049 
0.0083 
0.4331 
0.0017 
0.0615 
0.0020 
0.0125 
0.3214 
0.0132 
0.2469 
13 
13 
13 
13 
13 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0020 
0.0012 
0.4084 
0.0030 
0.0715 
0.0003 
0.0055 
0.0640 
0.0047 
1.0221 
0.0022 
0.0017 
0.4064 
0.0025 
0.0715 
0.0005 
0.0030 
0.0536 
0.0059 
0.8375 
0.0022 
0.0016 
0.4017 
0.0033 
0.0762 
0.0007 
0.0203 
0.2857 
0.0261 
0.4212 
0.0022 
0.0020 
0.3996 
0.0019 
0.0672 
0.0010 
0.0224 
0.3586 
0.0269 
14 
14 
14 
14 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0275 
0.0262 
0.8325 
0.0124 
0.0062 
0.0006 
0.0056 
0.1148 
0.0030 
0.5081 
0.0286 
0.0274 
0.8285 
0.0121 
0.0132 
0.0008 
0.0038 
0.2060 
0.0025 
0.3124 
0.0283 
0.0238 
0.8330 
0.0110 
0.0510 
0.0024 
0.0088 
0.7785 
0.0057 
0.4322 
0.0299 
0.0241 
0.8419 
0.0099 
0.0561 
0.0027 
0.0158 
0.4655 
0.0097 
21 
21 
21 
21 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0015 
0.0088 
0.3592 
0.0079 
0.0310 
0.0004 
0.0017 
0.0497 
0.0012 
0.0581 
0.0016 
0.0093 
0.3579 
0.0076 
0.0287 
0.0004 
0.0016 
0.0351 
0.0018 
0.0228 
0.0014 
0.0101 
0.3543 
0.0077 
0.0248 
0.0011 
0.0122 
0.2630 
0.0074 
0.0801 
0.0016 
0.0111 
0.3492 
0.0081 
0.0011 
0.0075 
0.2442 
0.0069 
23 
23 
23 
23 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0285 
0.0259 
0.5265 
0.0146 
0.0266 
0.0013 
0.0094 
0.0769 
0.0066 
2.3893 
0.0289 
0.0262 
0.5250 
0.0152 
0.0238 
0.0023 
0.0091 
0.0663 
0.0072 
1.8647 
0.02*3 
0.0215 
0.5226 
0.0151 
0.0046 
0.0068 
0.0320 
0.2812 
0.0306 
1.2248 
0.0309 
0.0211 
0.5148 
0.0136 
0.0160 
0.0048 
0.0368 
0.3378 
0.0267 
"The numbers in this colunn indicate the elasticty of commodity i with respect to comnodity j. 
Table 6.2. (continued) 
Elasticity Demand Distribution of 
systems income and prices 
constant 
Distribution of 
income varying 
Bias Variance 
(10^ ) 
Distribution of 
prices varying 
Bias Variance 
(10^ ) 
Distribution of 
income and prices 
varying 
Bias Variance Bias 
dO"®) Variance (10'^  
24 
24 
24 
24 
24 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0197 
0.0193 
0.8000 
0.0033 
0.1377 
0.0004 
0.0038 
0.1486 
0.0021 
2.1862 
0.0204 
0.0200 
0.7987 
0.0026 
0.1256 
0.0006 
0.0039 
0.1367 
0.0018 
1.2766 
0.0204 
0.0170 
0.8018 
0.0019 
0.0566 
0.0015 
0.0173 
0.6975 
0.0160 
1.9701 
0.0214 
0.0175 
0.8021 
0.0012 
0.0456 
0.0019 
0.0145 
0.7626 
0.0092 
31 
31 
31 
31 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0028 
0.0044 
0.4205 
0.0050 
0.0106 
0.0011 
0.0056 
0.0529 
0.0033 
0.0443 
0.0(ai 
0.0041 
0.4191 
0.0052 
0.0086 
0.0013 
0.0045 
0.0518 
0.0042 
0.0176 
0.0029 
0.0077 
0.4137 
0.0054 
0.0054 
0.0015 
0.0232 
0.3000 
0.0197 
0.0769 
0.0031 
0.0078 
0.4120 
0.0062 
0.0045 
0.0025 
0.0236 
0.3649 
0.0203 
32 
32 
32 
32 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0318 
0.0295 
0.6615 
0.0160 
0.0906 
0.0018 
0.0124 
0.1321 
0.0076 
0.3872 
0.0329 
0.0302 
0.6619 
0.0166 
0.0906 
0.0021 
0.0107 
0.0907 
0.0092 
0.2999 
0.0327 
0.0234 
0.6549 
0.0158 
0.0610 
0.0084 
0.0504 
0.4514 
0.0372 
0.8135 
0.0346 
0.0233 
0.6474 
0.0145 
0.0646 
0.0074 
0.0624 
0.6240 
0.0239 
34 
34 
34 
34 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0439 
0.0418 
0.9920 
0.0092 
0.0777 
0.0030 
0.0135 
0.2445 
0.0136 
3.1341 
0.0460 
0.0438 
0.9907 
0.0076 
0.0632 
0.0021 
0.0126 
0.2919 
0.0136 
2.0280 
0.0452 
0.0390 
0.9936 
0.0092 
0.0006 
0.0128 
0.0321 
1.4037 
0.0443 
3.7203 
0.0479 
0.0390 
1.0025 
0.0078 
0.0086 
0.0109 
0.0324 
1.7566 
0.0870 
4S 
M 
o* 
Table 6.3. Bias and variance in income elasticities based on nonhomothetic symmetric 
individual translog demand system under various assumptions of 
distributions of income and prices 
Income Demand Distribution of Distribution of Distribution of Distribution of 
elasticity systems income and prices income varying prices varying income and prices 
of constant varying 
commodity 
Bias Variance 
(10"^ ) 
Bias Variance 
(10'^  
Bias Variance 
(10"^  
Bias Variance 
(10"^  
1 Translog 
AIDS 
Rotterdma 
CES (double log) 
LES 
0.2012 
0.2037 
0.2054 
0.1990 
0.0729 
0.0628 
0.0225 
0.5098 
0.0096 
1.3230 
0.2001 
0.2026 
0.1996 
0.1989 
0.0683 
0.0895 
0.0119 
0.5230 
0.0115 
1.0276 
0.2013 
0.2141 
0.1944 
0.2030 
0.0553 
0.3649 
0.1057 
2.8911 
0.0757 
1.6341 
0.2006 
0.2112 
0.1910 
0.1996 
0.3611 
0.4081 
0.1124 
2.0275 
0.0648 
1.7831 
2 Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.2552 
0.3347 
0.3325 
0.3404 
0.2529 
0.3909 
0.0182 
0.4988 
0.0132 
0.8033 
0.2589 
0.3377 
0.3367 
0.3414 
0.2558 
0.6270 
0.0178 
0.3920 
0.0158 
0.5074 
0.2618 
0.3414 
0.3228 
0.3416 
0.3136 
0.3523 
0.1361 
1.8252 
0.0997 
1.8622 
0.2646 
0.3414 
0.3012 
0.3413 
0.3167 
0.3123 
0.1119 
2.5806 
0.0815 
3.0642 
3 Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.1612 
0.1117 
0.0999 
0.1187 
0.2307 
0.5790 
0.0645 
0.4641 
0.0402 
10.8414 
0.1609 
0.1101 
0.0999 
0.1165 
0.2427 
0.5141 
0.0712 
0.3231 
0.0443 
8.7059 
0.1588 
0.1254 
0.0840 
0.1263 
0.3363 
1.1451 
0.3230 
1.4140 
0.2391 
3.9340 
0.1339 
0.1202 
0.0729 
0.1192 
0.3205 
1.3530 
0.2854 
2.7412 
0.2101 
10.8652 
Table 6.4. Bias and variance in own price elasticities based on homothetic individual 
translog demand system under various assumptions of distributions of 
income and prices 
Own price Demand Distribution of Distribution of Distribution of Distribution of 
elasticity Systems income and prices income varying prices varying income and prices 
of constant varying 
Bias Variance 
(10"^ ) 
Bias Variance 
(10"^  
Bias Variance 
(10*^  
Bias Variance 
(10"^  
Commodity 1 Translog 0.0241 0.0013 0.0217 0.0012 0.0110 0.0030 0.0127 0.0033 
AIDS 0.0241 0.0012 0.0217 0.0012 0.0102 0.0022 0.0120 0.0025 
Rotterdam 0.1972 0.1266 0.1945 0.1004 0.1473 1.3277 0.1653 0.8801 
CES (double log) 0.0230 0.0040 0.0213 0.0025 0.0088 0.0176 0.0104 0.0177 
LES 0.0451 0.6333 0.0456 0.2807 0.0712 0.9732 0.0507 1.8160 
Commodity 2 Translog 0.0493 0.0038 0.0458 0.0024 0.0271 0.0102 0.0294 0.0130 
AIDS 0.0492 0.0038 0.0457 0.0023 0.0258 0.0083 0.0285 0.0113 
Rotterdam 0.2738 0.1448 0.2759 0.0478 0.2009 1.3276 0.2225 1.1107 
CES (dwtle log) 0.0489 0.0081 0.0454 0.0061 0.0244 0.0261 0.0254 0.0369 
LES 0.1187 1.2869 0.1166 1.0310 0.0540 1.4594 0.0487 1.6451 
Conaodity 3 Translog 0.1401 0.0452 0.1310 0.0261 0.0973 0.1416 0.1018 0.1495 
AIDS 0.1385 0.0172 0.1306 0.0276 0.0898 0.0626 0.0970 0.0536 
Rotterdam 0.3732 0.1917 0.3655 0.2133 0.2655 1.8628 0.2845 1.8559 
CES (double log) 0.1456 0.1564 0.1365 0.0627 0.0799 0.5425 0.0920 0.8455 
LES 0.1520 13.2364 0.1536 10.7618 0.0236 14.1770 0.0405 12.8866 
Table 6.5. Bias and variance in cross price elasticities based on homothetic individual 
translog demand system under various assumptions of distributions of 
income and prices 
Cross price Demand 
elasticity* Systems 
Distribution of 
income and prices 
constant 
Distribution of 
income varying 
Distribution of 
prices varying 
Distribution of 
income and prices 
varying 
Bias 
(10-3) Variance Bias (10 3) Variance Bias (10*) 
Variance Bias 
(10"3) Variance 
12 
12 
12 
12 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0146 
0.0144 
0.4259 
0.0142 
0.0706 
0.0002 
0.0000 
0.0901 
0.0015 
0.0685 
0.0135 
0.0134 
0.4270 
0.0138 
0.0692 
0.0000 
0.0001 
0.0698 
0.0016 
0.0515 
0.0124 
0.0109 
0.4169 
0.0120 
0.0732 
0.0011 
0.0003 
0.6826 
0.0097 
0.0895 
0.0130 
0.0116 
0.4159 
0.0114 
0.0015 
0.0004 
0.5448 
0.0079 
13 
13 
13 
13 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0049 
0.0046 
0.4058 
0.0048 
0.0691 
0.0006 
0.0001 
0.0621 
0.0069 
0.5309 
0.0045 
0.0041* 
0.4090 
0.0050 
0.0673 
0.0001 
0.0002 
0.1042 
0.0146 
0.4711 
0.0069 
0.0049 
0.3944 
0.0078 
0.0675 
0.0016 
0.0007 
0.5627 
0.0579 
0.3072 
0.0070 
0.0051 
0.3946 
0.0064 
0.0021 
0.0006 
0.3411 
0.0465 
14 
14 
14 
14 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0465 
0.0468 
0.8821 
0.0460 
0.0554 
0.0010 
0.0011 
0.2168 
0.0047 
0.4671 
0.0426 
0.0429 
0.8770 
0.0424 
0.0562 
0.0012 
0.0012 
0.2030 
0.0029 
0.4697 
0.0305 
0.0316 
0.8772 
0.0287 
0.1003 
0.0025 
0.0024 
0.5020 
0.0360 
0.3874 
0.0331 
0.0340 
0.8808 
0.0323 
0.0024 
0.0029 
0.7776 
0.0145 
21 
21 
21 
21 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0682 
0.0686 
0.4183 
0.0691 
0.0309 
0.0003 
0.0000 
0.0542 
0.0013 
0.0289 
0.0676 
0.0682 
0.4177 
0.0684 
0.0307 
0.0001 
0.0000 
0.0393 
0.0012 
0.0128 
0.0621 
0.0628 
0.4035 
0.0627 
0.0297 
0.0006 
0.0002 
0.4303 
0.0060 
0.0691 
0.0625 
0.0635 
0.4021 
0.0642 
0.0006 
0.0003 
0.2896 
0.0055 
23 
23 
23 
23 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0371 
0.0376 
0.5632 
0.0345 
0.0668 
0.0016 
0.0017 
0.0629 
0.0095 
1.3198 
0.0353 
0.0358 
0.5624 
0.0329 
0.0664 
0.0008 
0.0009 
0.0734 
0.0092 
1.1673 
0.0186 
0.0219 
0.5352 
0.0161 
0.0315 
0.0078 
0.0049 
0.6272 
0.0437 
1.0917 
0.0212 
0.0238 
0.5351 
0.0181 
0.0048 
0.0051 
0.3663 
0.0376 
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Table 6.5. (continued) 
Cross price 
elasticity Syste 
Distribution of 
income and prices 
constant 
Distribution of 
income varying 
Distribution of 
prices varying 
Distribution of 
income and prices 
varying 
Bias Variance 
(10'^ ) 
Bias Variance 
<10"^  
Bias Variance 
(10'^  
Bias Vari 
24 
24 
24 
24 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0051 
0.0049 
0.8145 
0.0003 
0.1436 
0.0007 
0.0007 
0.1515 
0.0028 
2.1692 
0.0069 
0.0067 
0.8087 
0.0024 
0.1351 
0.0005 
0.0006 
0.2371 
0.0025 
2.6365 
0.0111 
0.0102 
0.8180 
0.0073 
0.0368 
0.0020 
0.0017 
0.5614 
0.0137 
2.4597 
0.0104 
0.0097 
0.8151 
0.0059 
0.0467 
0.0020 
0.0025 -
0.6354 
0.0158 
31 
31 
31 
31 
Translog 
AIDS 
Rotterdam 
CES (doitle log) 
LES 
0.0205 
0.0216 
0.4312 
0.0229 
0.0140 
0.0008 
0.0002 
0.0614 
0.0079 
0.0257 
0.0213 
0.0222 
0.4336 
0.0230 
0.0149 
0.0002 
0.0002 
0.0703 
0.0123 
0.0116 
0.0148 
0.0190 
0.4164 
0.0181 
0.0137 
0.0082 
0.0012 
0.4195 
0.0576 
0.0736 
0.0146 
0.0181 
0.4179 
0.0184 
0.0072 
0.0050 
0.0011 
0.3257 
0.0701 
32 
32 
32 
32 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0108 
0.0134 
0.6355 
0.0155 
0.0795 
0.0034 
0.0035 
0.1167 
0.0184 
0.1473 
0.0112 
0.0138 
0.6348 
0.0159 
0.0791 
0.0040 
0.0041 
0.0963 
0.0203 
0.1251 
0.0265 
0.0247 
0.6055 
0.0299 
0.0369 
0.0209 
0.0129 
0.8445 
0.0895 
0.4506 
0.0253 
0.0247 
0.6083 
0.0301 
0.0367 
0.0072 
0.0105 
0.6427 
0.0691 
34 
34 
34 
34 
Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.1117 
0.1115 
0.8965 
0.0956 
0.1764 
0.0070 
0.0064 
0.3441 
0.0336 
3.1804 
0.1156 
. 0.1156 
0.8912 
0.1013 
0.1663 
0.0100 
0.0099 
0.4177 
0.0228 
3.8161 
0.1224 
0.1203 
0.8960 
0.1201 
0.0707 
0.0245 
0.0267 
1.0983 
0.2710 
5.0183 
0.1179 
0.1163 
0.9062 
0.1098 
0.0755 
0.0164 
0.0208 
1.4738 
0.2182 
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Table 6.6. Bias and variance In Income elasticities based on homothetlc Individual 
translog demand system under various assumptions of distributions 
of income and prices 
Income 
elasticity 
Demand 
Systems 
Distribution of 
income and prices 
constant 
Distribution of 
income varying 
Distribution of 
prices varying 
Distribution of 
income and prices 
varying 
Bias Variance 
(10"®) 
Bias Variance 
(10"^  
Bias Variance 
(10"^  
Bias Variance 
Commodity 1 Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0045 
0.0023 
0.0028 
0.0027 
0.1392 
0.0020 
0.0002 
0.4773 
0.0094 
0.8525 
0.0044 
0.0023 
0.0014 
0.0010 
0.1339 
0.0002 
0.0004 
0.4125 
0.0156 
0.8138 
0.0018 
0.0043 
0.0218 
0.0012 
0.1290 
0.0105 
0.0024 
2.8654 
0.0976 
1.9044 
0.0019 
0.0039 
0.0210 
0.0029 
0.1194 
0.0148 
0.0023 
3.8766 
0.0778 
Commodity 2 Translog 
AIDS 
Rotterdam 
CES (double log) 
LES 
0.0223 
0.0224 
0.0275 
0.0201 
0.1232 
0.0004 
0.0003 
0.3374 
0.0106 
0.2624 
0.0224 
0.0224 
0.0318 
0.0205 
0.1177 
0.0001 
0.0004 
0.2654 
0.0113 
0.5187 
0.0181 
0.0208 
0.0536 
0.0224 
0.0427 
0.0222 
0.0024 
3.9889 
0.0642 
3.0194 
0.0194 
0.0210 
0.0580 
0.0191 
0.0475 
0.0104 
0.0021 
2.1624 
0.0537 
Commodity 3 Translog 
AIDS 
Rotterdam 
CES (doiAle log) 
LES 
0.4476 
0.4780 
0.4926 
0.4700 
0.3699 
0.0754 
0.0022 
0.4166 
0.1135 
6.2953 
0.4484 
0.4762 
0.4873 
0.4692 
0.3703 
0.0014 
0.0018 
0.3708 
0.0585 
5.6871 
0.4357 
0.4742 
0.5248 
0.4701 
0.2626 
0.3199 
0.0202 
2.5443 
0.5007 
6.0086 
0.4422 
0.4764 
0.5179 
0.4699 
0.2815 
0.1947 
0.0171 
2.2133 
0.8397 
Table 6.7. Bias and variance in own price elasticities based on linear expenditure 
individual demand system under various assumptions of 
distributions of income and prices 
Own price Demand Distribution of Distribution of Distribution of Distribution of 
elasticity Systems income and prices income varying prices varying income and prices 
constant varying 
Bias Variance 
(10"') 
Bias Variance 
dO"*) 
Bias Variance 
(10"^  
Bias Variance 
(10"^  
Commodity 1 Translog 
AIDS 
Rotterdam 
CES (double log) 
0.0070 
0.0051 
0.1550 
0.0002 
0.0066 
0.0064 
0.0254 
0.0004 
0.0070 
0.0048 
0.1548 
0.0002 
0.0058 
0.0055 
0.0406 
0.0002 
0.0122 
0.0014 
0.1455 
0.0021 
0.0573 
0.0645 
0.4920 
0.0030 
0.0066 
0.0019 
0.0911 
0.0021 
0.1290 
0.1159 
6.8117 
0.0435 
Commodity 2 Translog 
AIDS 
Rotterdam 
CES (double log) 
0.0049 
0.0015 
0.2231 
0.0007 
0.0252 
0.0183 
0.0170 
0.0002 
0.0051 
0.0009 
0.2222 
0.0008 
0.0231 
0.0183 
0.0299 
0.0002 
0.0095 
0.0096 
0.2129 
0.0005 
0.2096 
0.1783 
0.2880 
0.0050 
0.0042 
0.0098 
0.1700 
0.0010 
0.5699 
0.3185 
5.5052 
0.1063 
Commodity 3 Translog 
AIDS 
Rotterdam 
CES (double log) 
0.0058 
0.0042 
0.1250 
0.0002 
0.0041 
0.0036 
0.0265 
0.0001 
0.0059 
0.0041 
0.1225 
0.0000 
0.0034 
0.0033 
0.0620 
0.0001 
0.0083 
0.0004 
0.1101 
0.0003 
0.0418 
0.0350 
0.2982 
0.0023 
0.0042 
0.0024 
0.0660 
0.0029 
0.0751 
0.0646 
4.0888 
0.0325 
Tabu6.8. 
distributions of income and prices 
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Table 6.9. Bias and variance in income elasticities based on linear expenditure 
individual demand system under various assumptions of 
distributions of income and prices 
Income Demand Distribution of Distribution of Distribution of Distribution of 
elasticity Systems income and prices income varying prices varying income and prices 
constant varying 
Bias Variance 
(10"^  
Bias Variance 
(10"^  
Bias Variance 
(10^ ) 
Bias Variance 
(10'^  
Commodity 1 Transiog 
AIDS 
Rotterdam 
CES (double log) 
0.1642 
0.2095 
0.1855 
0.1890 
0.0185 
0.1007 
0.1085 
0.0201 
0.1627 
0.2085 
0.1815 
0.1842 
0.0203 
0.1200 
0.1374 
0.0107 
0.1600 
0.2355 
0.1645 
0.1897 
0.1881 
1.2949 
1.0328 
0.1742 
0.1754 
0.2406 
0.1431 
0.1890 
0.7877 
1.9144 
7.7317 
0.8129 
Commodity 2 Transiog 
AIDS 
Rotterdam 
CES (double log) 
0.2191 
0.2726 
0.2427 
0.2473 
0.0246 
0.1039 
0.0851 
0.0203 
0.2172 
0.2716 
0.2404 
0.2421 
0.0284 
0.1267 
0.1531 
0.0104 
0.2150 
0.3001 
0.2154 
0.2483 
0.2332 
1.2651 
1.1470 
0.1747 
0.2319 
0.3052 
0.2064 
0.2466 
0.9778 
1.8646 
7.9815 
1.0576 
Commodity 3 Transiog 
AIDS 
Rotterdam 
CES (double log) 
0.6883 
0.6405 
0.6686 
0.6631 
0.0201 
0.1006 
0.0532 
0.0189 
0.6913 
0.6430 
0.6722 
0.6694 
0.0215 
0.1175 
0.1255 
0.0101 
0.7055 
0.6253 
0.6981 
0.6744 
0.2035 
1.2782 
0.4583 
0.1667 
0.6850 
0.6166 
0.7240 
0.6711 
0.8260 
1.9109 
7.5589 
0.5836 
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6.7, and 6.8) indicates that the AIDS model and the translog model 
approximated the "known" (true) own and cross price elasticities very 
well compared with other demand systems considered in this study. The 
bias in estimating translog market demand system based on individual 
translog demand system is mostly related to aggregation bias. The 
magnitude of bias resulting from estimating either translog demand system 
or AIDS model were relatively small, suggesting that the aggregation bias 
had little effect on these class of demand systems (representing 
Diewert's flexible functional forms). The magnitude of bias for AIDS and 
translog models did not change significantly much between the homothetic 
and nonhomothetic versions of translog individual demand system. 
On the other hand, the bias in elasticities for Rotterdam 
specification is considerable. Barnett (1984) has argued that the 
problem of constancy of parameters is not unique to the Rotterdam 
specification. He pointed out that all models are 'inherently local 
approximations, with constancy of the parameters acquired by the device 
of evaluating the parameters at a "point of approximation"' (Byron, 1984, 
P.286). Thus the 'hypothesis of constancy of parameters should be tested 
empirically with all Taylor series models and not just with the Rotterdam 
model' alone (Byron, 1984, p.287). The results of the present study 
provided some answers to these contentions. 
A comparison of the magnitude of the bias in elasticities between 
the Rotterdam model and other flexible functional form models such as 
AIDS and translog indicated the poorer performance of the Rotterdam model 
in approximating the known elasticities. Again, for Rotterdam model the 
151 
bias included both that due to constancy assumption of Rotterdam 
parameters and other biases due to aggregation and misspecification. It 
is hard to delineate the individual contribution of these biases to total 
bias. However, a comparison among various models indicates that the 
Rotterdam model exhibited considerable bias. 
It should be mentioned that the bias measure also provided a 
comparison of the approximation characteristics of different market 
demand systems taking into consideration of aggregation. 
Byron (1984) calculated bias from the midpoint of the dataset as he 
was concerned with the bias due to the assumption of constancy of 
parameters in Rotterdam model. Bias in the tables presented was 
calculated based on the true elasticity estimates from the individual 
demand systems. In reality, the true elasticities are not known. The 
Monte Carlo studies have the luxury of controlling the true elasticities 
by choosing a particular individual demand system and parameters. 
However, the results for the bias in elasticities of the Rotterdam models 
are consistent with Byron's (1984) observation. Particularly, the bias 
was more pronounced in cross price elasticities (Table 6.2, Table 6.5 and 
Table 6.8). Since cross price elasticities are important in evaluating 
market intervention policies this result raises doubts about using 
Rotterdam model for applied demand analysis. 
One of the surprising results from the experiments was the 
performance of the differenced logarithmic model (CES). The bias for the 
CES model was comparable to the bias for other flexible functional forms 
such as the AIDS and the translog. While there are a number of studies 
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enunciating the theoretical limitations of CES demand systems, few 
studies have evaluated the approximation properties of this demand 
system in the context of consumer theory. Considering the popularity of 
these models in the demand literature this is rather surprising. Like 
other demand systems the CES models provide a first order approximation 
to the true demand system, producing second order approximation errors. 
The results here indicate that the approximation error for CES model was 
no greater than the other popular flexible functional forms. 
With respect to individual demand systems, the bias in own price 
elasticities tended to be lower for commodities 1 and 2 when the data 
were generated from a homothetic version of translog demand system 
consistent with exact aggregation conditions. Again, translog, AIDS and 
CES models approximated LES behavior better than Rotterdam model. 
Another discernable observation was that the bias in cross price 
elasticities was generally greater with exact aggregation version of 
translog individual demand system than the nonhomothetic version of 
translog individual demand system. 
In general, the variances of the estimated elasticities were small. 
The approximation of LES model based on nonhomothetic translog demand 
system showed the most variance. In a comparative study of LES and 
translog Kiefer and MacKinnon (1976) found that LES and translog did not 
perform well when the demand systems did not generate market data. The 
results from Tables 6.1 through 6.9 indicates that translog approximation 
to LES was better than LES approximation to translog. Considering the 
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flexibility characteristics of translog and the restrictive assumptions 
implied by LES this result is not surprising. 
Income elasticities The notable result for income elasticities 
was that the bias was greater than in price elasticities, except in the 
case of Rotterdam specification. Different models in^ ly different 
restrictions on income elasticities due to the underlying separability or 
homotheticity assumptions. These were discussed in Chapter Three and 
Chapter Five. It is important to note that the assumption of 
homotheticity is sufficient for consistent aggregation. 
As expected, the bias were minimal when market data were generated 
from a homothetic version of translog. LES specification also produced 
the largest variance in the estimated income elasticities. 
Variance of income and prices distributions For the different 
assumptions of distributions of income and prices, that is, whether their 
variance was constant over time or not, there was little response in 
terms of bias in elasticities. This suggests that the approximation 
characteristics of the various market demand systems do not deteriorate 
under the circumstances of the changing distributions. This result is 
rather surprising. 
However, this result should be viewed carefully as only the variance 
of the distribution was considered for the Monte Carlo experiments. In 
reality both mean and variance of the distributions shift over time. 
Furthermore, all of the above results are based on the assumption of 
lognormal distribution for price and income variables. There is some 
evidence that the assumption about the form of exogenous variable 
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distributions might be important in the context of aggregation and 
structural shifts (Goldfeld and Quandt, 1976). It will be interesting to 
investigate the response of the bias in elasticities under different 
distributional assumptions. Constraint in time and computational burden 
limited the scope of the study to analyze with only one form of 
distribution (namely the lognormal distribution). 
Slutskv restrictions 
The symmetry and homogeneity restrictions were evlauated for each 
market demand system (except LES) using Wald's Chi-square tests (see 
Chapter Four). The rejection rate of these restrictions under various 
assumptions about distributions about income and prices based on 
nonhomothetic translog, homothetic translog and LES demand systems are 
provided, respectively, in Tables 6.10, 6.11 and 6.12. A comparison of 
the results among these tables indicates that the symmetry and 
homogeneity restrictions together were rejected by market demand systems 
most frequently, when the market data were generated by LES and when 
distribution of income and prices remain constant. This was more 
pronounced with translog market demand system. 
With homothetic assumption, the market demand systems exhibit all 
the characteristics of the individual demand system. With homothetic 
translog individual demand system, no rejection of symmetry restrictions 
(conditional on homogeneity) was reported with translog market demand 
system. This corroborated the analytical correspondence between the 
market demand and individual demand systems under the conditions of 
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Table 6.10. Rejection rate of restrictions using nonhomothetlc 
symmetric translog demand system under various 
assumptions of distributions of Income and prices 
Distribution 
of 
Systems Symmetry and 
Homogeneity 
Homogeneity 
alone 
income and 
prices 
constant Translog 
AIDS 
Rotterdam 
CES (double log) 
0.0323* 
0.3500 
0.1750 
0.1500 
na" 
0.3000 
0.0750 
0.0500 
Income 
varying Translog 
AIDS 
Rotterdam 
CES (double log) 
0.0909 
0.4750 
0.1000 
0.0750 
na 
0.5000 
0.1250 
0.0250 
prices 
varying Translog 
AIDS 
Rotterdam 
CES (double log) 
0.2000 
0.9250 
0.7250 
0.1250 
na 
0.9250 
0.6500 
0.0250 
Income and 
Prices 
varying Translog 
AIDS 
Rotterdam 
CES (double log) 
0.0541 
0.9500 
0.5750 
0.2250 
na 
0.9000 
0.6500 
0.1500 
"For translog demand system the numbers are related to 
symmetry conditional on homogeneity. 
**na denotes not available. 
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Table 6.11. Rejection rate of restrictions using homothetlc translog 
Individual demand system under various assumptions of 
distributions of Income and prices 
Distribution Demand Symmetry and Homogeneity 
of Systems Homogeneity alone 
Income and 
prices 
constant Translog 0.0000* na 
AIDS 0.6750 0.6000 
Rotterdam 0.2000 0.0750 
CES (double log) 0.0750 0.1000 
Income varying Translog 0.0000 na 
AIDS 0.4500 0.5000 
Rotterdam 0.1500 0.1000 
CES (double log) 0.1750 0.1250 
prices varying Translog 0.0000 na 
AIDS 1.0000 1.0000 
Rotterdam 0.7500 0.7500 
CES (double log) 0.1250 0.0500 
Income and 
prices 
varying Translog 0.0000 na 
AIDS 1.0000 1.0000 
Rotterdam 0.5750 0.6000 
CES (double log) 0.2500 0.1250 
"For translog demand system the figures are related to symmetry 
conditional on homogeneity restriction. 
'^ a denotes not available. 
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Table 6.12. Rejection rate of restrictions using linear expenditure 
individual demand system under various assumptions of 
distributions of Income and prices 
Distribution Demand Symmetry and Homogeneity 
of Systems Homogeneity alone 
Income and 
prices 
constant Translog 0.9444" na 
AIDS 0.5000 0.4750 
Rotterdam 0.0500 0.0250 
CES (double log) 0.1750 0.1750 
income varying 
Translog 0.8947 na 
AIDS 0.5000 0.5500 
Rotterdam 0.0250 0.0250 
CES (double log) 0.1500 0.0500 
prices varying 
Translog 0.5676 na 
AIDS 0.9500 0.8750 
Rotterdam 0.4250 0.4250 
CES (double log) 0.2250 0.0750 
Income and 
prices 
varying Translog 0.5676 na 
AIDS 0.9500 0.8750 
Rotterdam 0.4250 0.4250 
CES (double log) 0.2250 0.0750 
"For translog demand system the figures represents symmetry 
conditional on homogeneity. 
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homothetic assumption and constancy of distribution of income and 
prices. 
For different assumptions about the distributions of income and 
prices, in general, the frequency of rejection of the restrictions from 
individual theory increased. As pointed out Shafer and Sonnenschein, 
(1982) when the distributions of income and prices are changing the 
market demand systems need not carry the theoretical restrictions. The 
Monte Carlo results shown in tables 6.10, 6.11 and 6.12 conformed this 
analytical result of market demand theory. 
A surprising observation was that the rejection rate of theory by 
CES and Rotterdam specifications were not as great as the rejection rate 
of AIDS. In fact, in most cases CES showed lowest rate of rejections. 
This is contrary to the belief that the more restrictive the model, the 
more often Slutsky restrictions will be rejected. It is not clear why 
such a behavior was observed. 
In rejecting symmetry and homogeneity restrictions together 
homogeneity seemed to dominate. This result has also been reported by 
some empirical studies (e.g., McKenzie and Thomas,1984). 
Response Surfaces 
This section reports the results of phase II experiments in terms of 
response surfaces for the bias in elasticities and variance of 
theoretical restrictions. Results of the phase II experiments were 
designed to fit a quadratic response curve. 
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Response surfaces for bias 
The quadratic response surfaces fitted for the bias as percent to 
true elasticities for various market demand systems are presented in 
Table 6.13. Since the relative size of the elasticities may be 
inqportant, the bias as percent to true elasticities may provide better 
information on the response surface than the actual bias. Thus measure 
was used in fitting response surfaces. Two functions were fitted for 
each demand system; one included all prices (own and cross) and income 
elasticities; and the other included only cross price elasticities. 
The response surfaces for percent of bias to true elasticities 
exhibited poor fit in terms of r' values and the corresponding F values 
were not significant. This suggested that the bias could not be 
attributed to the design factors considered. This may be due to superior 
approximations of the market demand systems to the nonhomothetic translog 
individual demand system or that aggregation as formulated in this study 
produced less distortion at the market level or a combination of both. 
However, note that individuals in the Monte Carlo experiments were 
treated identical in terms of taste characteristics and the market data 
were computed based on different income levels generated. Assumptions 
about identical taste among individuals may be crucial in this type of 
analysis. An analysis taking into consideration of heterogenous taste 
among individuals may provide further insight regarding this issue. 
Response surfaces for variance of restrictions 
Before discussing the response surfaces for variance of restrictions 
an exposition about the econometrics of the variance of Slutsky 
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Table 6.13. Quadratic response surfaces for percentage of bias in 
elasticities 
1. Translog demand system 
(i) All prices and income elasticities 
BIASEP® - 20.165 + 0.616 B12 -0.093 B13 + 1.012 B23 
(5.81) (1.01) (-0.15) (1.65) 
+ 1.087* SIGY -0.302 SIGPl -0.318 SIGP2 
(1.77) (-0.49) (-0.52) 
+ 0.418 SIGP3 + 0.285 SIGP4 + 0.524 (B12)' 
(0.68) (0.46) (1.00) 
- 0.042 (B13)' + 0.078 (B23)' + 0.015 (SIGY)' 
(-0.08) (0.15) (0.03) 
+ 0.009 (SIGPl)' - 0.003 (SIGP2)' + 0.015 (SIGP3)' 
(0.02) (-0.01) (0.03) 
- 0.038 (SIGP4)' 
(-0.07) 
R' - 0.022 RMSE - 13.439 F = 0.67 
(ii) Cross price elasticities alone 
BIASEP - 22.997** + 1.022 B12 - 0.131 B13 + 1.618** B23 
(5.50) (1.38) (-0.18) (2.19) 
lAf 
+ 1.726 SIGY - 0.500 SIGPl - 0.544 SIGP2 
(2.34) (-0.68) (-0.74) 
® BIASEP refers to bias in elasticities as percent to true 
 ^elasticities. 
Indicates statistical significance at 10 % level. 
Indicates statistical significance at 5 % level. 
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Table 6.13. (continued) 
+ 0.731 SIGP3 + 0.471 SIGP4 + 0.887 (B12)' 
(0.98) (0.64) (1.40) 
- 0.069 (B13)' + 0.146 (B23)' + 0.009 (SIGY)' 
(-0.11) (0.23) (0.01) 
+ 0.008 (SIGPl)' + 0.013 (SIGP2)' + 0.022 (SIGP3)' 
(0.01) (0.02) (0.03) 
- 0.056 (SIGP4)' 
(-0.09) 
R' - 0.066 RSME - 12.54 F - 1.24 
2. AIDS demand system 
(i) All prices and income elasticities 
BIÂSEP - 27.936 + 9.544* B12 + 4.940 B13 + 3.21 B23 
(0.92) (1.78) (0.92) (0.60) 
+ 2.066 SIGY + 0.072 SIGPl + 0.211 SIGP2 
(0.39) (0.01) (0.04) 
+9.207 SIGP3 + 2.257 SIGP4 + 2.422 (B12) 
(1.71) (0.42) (0.53) 
+ 1.896 (B13) + 2.356 (B23) + 0.979 (SIGY) 
(0.41) (0.51) (0.21) ( .
+ 0.955 (SIGPl) + 0.935 (SIGP2) + 0.960 (SIGP3) 
(0.21) (0.20) (0.21) 
+ 0.970 (SIGP4)' 
R* = 0.017 RMSE « 117.27 F = 0.52 
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Table 6.13. (continued) 
(il) Cross price elasticities alone 
BIÂSEP - 35.12 + 15.951* B12 + 8.391 B13 + 5.344 B23 
(0.70) (1.81) (0.95) (0.61) 
+ 3.393 SIGY + 0.143 SIGPl + 0.362 SIGP2 
(0.38) (0.02) (0.04) 
+ 15.373 SIGP3 +3.705 SIGP4 + 4.062 (B12)' 
(1.73) (0.42) (0.54) 
+ 3.159 (B13)' + 3.942 (B23)' + 1.610 (SIGY)' 
(0.42) (0.52) (0.21) 
+ 1.586 (SIGPl)' + 1.564 (SIGP2)' + 1.599 (SIGP3)' 
(0.21) (0.21) (0.21) 
+ 1.634 (SIGP4)' 
R' " 0.029 RMSE - 149.735 F = 0.53 
3. Rotterdam demand system 
(i) All prices and income elasticities together 
BIÂSEP = 2057.614 + 1468.884 B12 - 1856.747 B13 
(0.33) (1.33) (-1.68) 
+ 1491.332 B23 - 66.957 SIGY + 155.542 SIGPl 
(1.35) (-0.06) (0.14) 
+ 153.332 SIGPl + 1925.666 SIGP3 - 92.228 SIGP4 
(0.14) (1.74) (-0.008) 
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Table 6.13. (continued) 
+1205.768 (B12)' + 188.321 (B13)'.+ 475.842 (B23)' 
(1.28) (0.20) (0.50) 
+ 216.67 (SIGY)' + 213.355 (SIGPl)' 216.062 (SIGP2)' 
(0.23) (0.23) (0.23) 
+ 225.422 (SIGP3)' + 216.121 (SIGP4)' 
(0.23) (0.23) 
R' - 0.043 RMSE - 1827.272 F - 0.79 
4. CES demand system 
(i) All prices and income elasticities together 
BIASEP - 21.414 + 15.762 B12 +4.250 B13 + 3.654 B23 
(0.61) (2.53) (0.68) (0.59) 
+ 0.178 SIGY + 0.5381 SIGPl + 0.7031 SIGP2 
(0.03) (0.09) (0.11) 
+ 9.272 SIGP3 + 0.0830 SIGP4 + 8.237 (B12)' 
(1.48) (0.01) (1.54) 
+ 1.298 (B13)' + 2.058 (B23)' + 0.516 (SIGY)' 
(0.24) (0.39) (0.10) 
+ 0.520 (SIGPl)' + 0.5347 (SIGP2)' + 0.603 (SIGP3)' 
(0.10) (0.10) (0.11) 
+ 0.547 (SIGP4)' 
(0.10) 
R' - 0.030 RMSE - 136.755 F - 0.92 
Table 6.13. (continued) 
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(il) Cross price elasticities alone 
*  ^JL 
BIASEP - 24.863 + 26.412 B12 + 7.25 B13 + 6.116 B23 
(0.43) (2.56) (0.70) (0.59) 
+ 0.348 SIGY + 0.910 SIGPl 
(0.03) (0.09) 
+ 1.153 SIGP2 + 15.476 SIGP3 + 0.145 SIGP4 
(0.11) (1.49) (0.01) 
+13.758 (B12)' + 2.158 (B13)' +3.443 (B23)' 
(1.56) (0.24) (0.39) 
+ 0.838 (SIGY)' + 0.855 (SIGPl)' 
(0.09) (0.10) 
+ 0.897 (SIGP2)' + 0.998 (SIGP3)' + 0.936 (SIGP4)' 
(0.10) (0.11) (0.11) 
R' » 0.051 RMSE = 174.911 F = 0.94 
5. LES demand system 
(i) All prices and income elasticities together 
A ** 
BIASEP - 120.295 + 270.586 B12 - 102.97 B13 
(0.25) (3.15) (-1.20) 
+ 43.959 B23 
(0.51) 
- 4.265 SIGY + 6.388 SIGPl + 15.072 SIGP2 
(-0.05) (0.07) (0.18) 
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Table 6.13. (continued) 
+ 83.630 SIGP3 - 11.512 SIGPA + 148.327 (B12)' 
(0.97) (-0.13) (2.02) 
+ 6.589 (B13)' + 17.800 (B23)' + 6.118 (SIGY)' 
(0.09) (0.24) (0.08) 
+ 6.165 (SIGPl)' + 6.498 (SIGP2)* 
(0.08) (0.09) 
+ 6.938 (SIGP3)' + 8.148 (SIGP4)' 
(0.09) (0.11) 
R* - 0.044 RHSE - 1883.086 F - 1.39 
(ii) Cross price elasticities alone 
BIÂSEP - 191.479 + 450.511** B12 - 171.317 B13 
(0.24) (3.19) (-1.21) 
+ 72.977 B23 - 7.034 SIGY + 10.574 SIGPl 
(0.52) (-0.05) (0.07) 
+ 24.892 SIGP2 + 139.454 SI6F3 
(0.18) (0.98) 
- 19.067 SIGP4 + 247.089** (B12)' 
(-0.13) (2.04) 
+ 10.963 (B13)' + 29.639 (B23)' 
(0.09) (0.24) 
+ 10.195 (SIGY)' + 10.256 (SIGPl)' 
(0.08) (0.09) 
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Table 6.13. (continued) 
+ 10.805 (SIGP2)' + 11.579 (SIGP3)' 
(0.09) (0.09) 
+ 13.527 (SIGP4)' 
(0.11) 
R' - 0.075 RMSE - 2399.10 F - 1.42 
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restrictions will be useful. Let the demand systems be represented as 
Y - XB + u (7.1) 
and the Slutsky restrictions be 
r - RB (7.2) 
where Y is the vector of quantity consumed, X is the matrix independent 
variables comprising n prices and one expenditure variables; u is the 
disturbance terms; R is a matrix of dimension J x K with j < K, B is the 
K X 1 vector of parameters and r is a J x 1 vector of known constants. 
If the restrictions are correct, then the restricted least squares 
estimator is the best linear unbiased estimator in the sense that it has 
the minimum variance. However, if the restrictions are not correct, then 
the restricted least squares estimator not unbiased (Fomby et al. 
1984). 
From the results of phase I experiments (discussed earlier) and from 
the market demand theory (discussed in Chapter Five) it is clear that 
Slutsky restrictions need not hold at the market level. Econometrically, 
imposing these restrictions exactly leads to biased restricted 
estimators. At the same time, these restrictions provide a priori 
information about the parameters. They also help in reducing the number 
of parameters to be estimated. This is particularly useful in estimating 
large disaggregated demand systems. 
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The problem of imposing theoretical restrictions in market demand 
estimation can be overcome by merging the data and a priori information 
systematically. One way of representing linear restrictions that do not 
hold exactly is the mixed estimation framework suggested by Theil and 
Theil and Goldberger (1961). Accordingly, the linear restrictions are 
represented stochastically as, 
r - RB + V (7.3) 
where v is random error with mean E(v) - 0 and known covariance matrix 
E(vv') - It has been shown that restricted least squares is a special 
case of mixed estimation (See Judge et al. 1988; Fomby et al. 1984). As 
the variance of the stochastic prior information in (7.3) goes to zero, 
variance (v) •* 0, the mixed estimator approaches the restricted least 
square estimator implied by the exact restrictions, RB - r. In contrast, 
as the stochastic restrictions become less certain, variance (v) -* », the 
mixed estimator approaches the ordinary least squares estimator B, 
assuming E(uu') - o' I. For a discussion of feasible mixed estimators 
and tests of compatability of restrictions see Fomby et al. (1984). 
While mixed estimation framework helps to represent Slutsky 
restrictions stochastically in market demand estimation, implementation 
requires a knowledge of the matrix of the variance of the restrictions. 
While there are some "guesstimates" or alternatives, no information is 
available about the nature and source of the variance of restrictions. 
There is also concern about the source of the stochastic nature of 
restrictions. This provided the motivation for fitting response surfaces 
for variance of restrictions. 
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Following Theil (1963) (also see Fomby et al. 1984) under the null 
hypothesis the variance of the restrictions is given by 
Var (RB - r) - E (RB - r) (RB - r) '. (7.5) 
The e:q)ected value of the variance of Slutsky restrictions can be 
calculated based on (7.5) using the unrestricted estimates. Among the 
Slutsky restrictions additivity was implicitly imposed by dropping one of 
the equations in estimation. But the symmetry and homogeneity conditions 
were directly imposed on the market demand parameters. The variances of 
restrictions were calculated for symmetry and homogeneity restrictions 
using unrestricted estimates in (7.5). The fitted quadratic response 
surfaces for the variance of homogeneity and symmetry restrictions are 
presented in Table 6.14. 
The r' values of the fitted response surfaces ranged from 0.16 to 
0.28 and the estimated models were statistically significant as indicated 
by the F values. This showed that design factors significantly 
contributed to the knowledge about the variance of theoretical 
restrictions. In general, the coefficients associated with symmetry of 
the individual translog demand model were found to be significant. With 
respect to AIDS and Rotterdam models, the variance of price distribution 
related to commodity 4 was also significant. The variance of income 
distribution was found to be significant for the variance of restrictions 
related to translog market demand system. Previous studies have only 
surmised that these factors may distort the correspondence between the 
micro theory and market theory. The results of the current study are the 
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Table 6.14. Response surfaces for variance of theoretical restrictions 
1. Translog demand system 
VREST - 0.28728 - 1.044 B12 - 0.13 B13 + 0.8653 B23 
(0.98)® (-2.02) (-0.25) (1.68) 
'êi'êt 
+ 1.9524 SIGY - 0.7393 SIGPl + 0.4896 SIGP2 
(3.78) (-1.43) (0.95) 
+ 0.3016 SIGP3 - 0.0630 SIGP4 + 0.6993 (B12)' 
(0.58) (-0.12) (1.13) 
+ 0.2752 (B13)' + 0.4533 (B23)' + 0.1431 (SIGY)' 
(0.63) (1.03) (0.33) 
+ 0.1767 (SIGPl)' + 0.1890 (SIGP2)' + 0.7015 (SIGP3)' 
(0.4) (0.43) (1.55) 
- 0.1446 (SIGP4)' 
(-0.33) 
a ** 
R - 0.28 RMSE = 5.06 F - 2.01 
2. Almost ideal demand system 
VREST - 0.0100 + 0.0013 B12 « 0.0016 B13 = 0.0013 B23 
(1.53) (1.16) (1.39) (1.17) 
- 0.0014 SIGY - 0.26 x 10"' SIGPl + 0.11 x 10"' SIGP2 
(-1.20) (-0.23) (0.20) 
® The numbers in the parentheses indicate 't' ratios. 
it 
Indicates 15 percent level of statistical significance. 
itit 
Indicates 10 percent level of statistical significance. 
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Table 6.14. (continued) 
- 0.18 X 10"' SIGP3 + 0.0073** SIGP4 + 0.14 x 10~* (B12)' 
(-0.16) (6.33) (0.02) 
+ 0.99 X 10"* (313)* + 0.34 x 10"* (B23)' 
(0.10) (0.03) 
+ 0.68 X 10"* (SIGY)* + 0.13 X 10"* (SIGPl)' 
(0.69) (0.14) 
- 0.40 X 10"* (SIGP2)' - 0.11 X 10"' (SIGP3)' 
(-0.04) (-0.11) 
+ 0.0017 (SIGP4)' 
(1.73) 
2 ** 
R - 0.23 RMSE - 0.016 F « 3.40 
3. Rotterdam model 
• 0.0933 
(2.26) (0.48) (1.07) 
A ** 
VREST - + 0.0035 B12 + 0.0078 B13 
+ 0.0040 B23 - 0.0115 SIGY + 0.0056 SIGPl 
(0.54) (-1.58) (0.76) 
+ 0.0038 SIGP2 - 0.74 X 10"* SIGP3 + 0.0447** SIGP4 
(0.51) (-0.10) (6.12) 
- 0.37 X 10"* (B12)' + 0.50 x 10"* (B13)' + 0.20 x 10"* (B23)' 
(-0.06) (0.08) (0.03) 
+ 0.0030 (SIGY)' + 0.30 x 10"* (SIGPl)* + 0.39 x 10"* (SIGP2)' 
(0.47) (0.05) (0.06) 
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Table 6.14. (continued) 
- 0.0019 (SIGP3)' + 0.0091 (SIGP4)' 
(-0.30) (1.45) 
9  * *  
R - 0.21 RMSE - 0.101 F - 3.03 
4. Constant elasticity demand system 
VREST - 0.0918 - 0.01722 B12 + 0.0248 B13 
(2.22) (2.36) (2.94) 
+ 0.0229 B23 - 0.00092 SIGY + 0.0010 SlGFl 
(3.14) (-1.25) (1.37) 
+ 0.0111 SIGP2 - 0.0027 SIGP3 + 0.0105 SIGP4 
(1.52) (-0.37) (1.44) 
+ 0.0028 (B12)* + 0.0023 (B13)' + 0.0055 (B23)' 
(0.45) (0.36) (0.88) 
- 0.76 X 10"' (SIGY)' - 0.33 x 10"' (SIGPl)' 
(-0.12) (-0.05) 
+ 0.83 X 10"* (SIGP2)' - 0.0012 (SIGP3)' - 0.0015 (SIGP4)' 
(0.013) (-0.18) (-0.24) 
R' = 0.1627 RMSE - 0.101 F = 2.20** 
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first of its kind in directly attributing the nature of the variance of 
theoretical restrictions to the factors associated with market demand 
theory. 
These results indicate the presence of differing variances 
surrounding the Slutsky restrictions. Coupled with bias studied earlier, 
the results suggested that the Slutsky restrictions do not hold exactly, 
but can be imposed stochastically. The bias in inqposing these 
restrictions exactly can be understood by comparing the unrestricted 
elasticities and restricted elasticities. 
Stochastic Priors and Empirical Demand Analysis 
The purpose of this section is to outline the different methods of 
imposing stochastic priors in estimation of demand systems. A detailed 
exposition of these methods can be found in many of the intermediate 
econometrics and advanced econometrics textbooks (See Judge et al. 1988; 
Fomby et al. 1984). The intent is to show the practical utility of the 
Monte Carlo results in using the priors more effectively to estimate 
demand parameters that are robust in nature. 
We have already discussed the use of mixed estimation framework 
suggested by Theil and Goldberger, (1961) in representing stochastic 
priors. For an application of this technique in food demand analysis see 
Safyurtlu el al. (1986) and Brown and Lee, (1986). 
Swany and Mehta (1983) proposed ridge estimators as alternatives to 
mixed and minimax estimators. Ridge estimators belong to class of biased 
estimators and can provide estimators that are small in mean square error 
criterion. They are simplified version of a constrained least square 
174 
estimators that can be made operational even when little prior 
information is available. 
Restrictions can also be imposed stochastically as in Bayesian 
framework (Kiefer, 1977). The weak point in Bayesian approach is the 
assumption of normal prior distribution (Berger 1982, pp. 358-360). All 
Bayesians acknowledge that there is a problem in making assumptions about 
priors and usually, the specified prior is a subjective approximation to 
the "true" prior density (Berger, 1982, p. 358). 
All the mixed, normal prior Bayes, minimax, and ridge estimators are 
computationally special cases of constrained least squares estimators. 
Since there exists a trade off between bias and variance of estimators in 
imposing linear restrictions that are not correct, it is common to 
analyze estimators that minimize risk. One such criteria for risk 
function is the mean squared error function. The results from this study 
support such applications in applied demand analyses. 
Concluding Remarks 
In this chapter the results of the various Monte Carlo experiments 
were discussed. The results from the phase I e^ qieriments suggested that 
the bias in elasticities can be considerable for LES and Rotterdam demand 
systems. But the response surfaces fitted in phase II experiments 
indicated that the approximating characteristics of the market demand 
systems hold and there is little distortion due aggregation and market 
demand theory. 
However, the relationship between consumer demand and market demand 
functions were severely distorted under aggregation, conforming the 
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theoretical propositions by Sonnenschein (1973a, 1973b) and others. The 
rate of rejection of the theory in e^ qperiments increased when the 
assumptions about constant distributions of income and prices were 
relaxed. The fitted response surfaces also suggested that the factors 
associated with the market demand theory might evolve in a way of 
representing the variance of restriction. Thus, judicious use of a 
priori information is needed in mixing the sample and prior information 
in applied demand analysis. 
Though a number of studies have attempted to merge the Slutsky 
restrictions systematically with the data, there has been no explanation 
for the methods used. The results of this study suggest that exact 
imposition of Slutsky might be one of the causes of distortions of the 
market demand elasticities, particularly with the more restrictive forms 
such as LES, Rotterdam. 
Since the work of Sonnenschein (1973a, 1973b) there have been a 
significant number of theoretical works on market demand theory, most of 
which provide a dismal and confusing picture for applied economists. 
Sonnenschein (1973, p. 406) concluded that at the aggregate level "there 
is little left of demand theory beyond homogeneity and balance.... It 
remains an empty (empirical) box". This study has made use of market 
demand theory to show that approximation relationship between consumer 
demand and market demand developed through numerical techniques can 
provide positive results for applied work using market level data. 
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CHAPTER VII. SUMMARY AND CONCLUSIONS 
One of the important tasks in demand analysis is to estimate 
elasticities consistent with the theory. These elasticities are usually 
estimated from market demand functions and applied in various parital or 
general equilibrium analysis. While the inq>lications of properties of 
individual demand functions have been well known, it is only recently 
that the properties of market demand functions have become understood. 
These properties are put forth in what is now termed as "market demand 
theory." Market demand functions are defined as the horizontal summation 
of the individual choice or demands. 
Market demand analysis is about market aggregates, and there are 
important aggregation problems. Aggregation is sometimes considered a 
nuisance, a temporary obstacle lying in the way of applying the 
individual consumer theory in a straightforward manner. In many cases 
the problems that may arise from aggregation are argued to be 
circumvented through the application of individual theory under the 
notion of average or representative consumer. In this sense, the role of 
aggregation theory is to provide the necessary and/or sufficient 
conditions under which such a notion is satisfied. But these conditions 
have proven to be quite restrictive. 
For a long time, applied economists carried out the demand analysis 
under the notion of representative consumer, without explicitly 
addressing the relationship between the consumer demand and market 
demand. Sonnenschein (1973a, 1973b) was the first to study the 
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properties of market demand functions. His work was further extended by 
Mantel (1977); Stoker (1984); Shafer and Sonnenschein (1982); Diewert 
(1977) among others. The general implication of these studies is that 
the market demand functions need not exhibit the characteristics of their 
counterpart, individual consumer demands. These studies also indicated 
that the assunptions about homotheticity and distribution of income are 
crucial for market demand functions to behave as individual consumer 
demand functions. Furthermore, these assumptions are also related to the 
forms of individual demand functions that imply exact or consistent 
aggregation. The resulting homotheticity and fixed distributions of 
income assumptions are quite restrictive and against the empirical 
observations. In general, it is neither desirable nor possible for macro 
or market relations to replicate their microeconomic counterparts. 
The way out of this Conundrum is to stress that the market demand 
systems should be viewed as approximations. Then the question is to 
understand the approximation characteristics and their relationships to 
the individual consumer theory. Byron (1984) was the first one to 
undertake a study to analyze the approximation characteristics in market 
demand systems. Specifically, he examined the performance of the 
Rotterdam model in approximating certain specified demand systems. The 
present study generalizes Byron's results, taking into consideration of 
modern market demand and aggregation theory. 
Recognizing that market demand systems are approximations, and for a 
particular individual demand system, a Monte Carlo model was set up in 
which optimal allocations were simulated. The data obtained were 
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individual demand, prices and income series. Market data were 
generated based on either nonhomothetic translog or homothetic translog 
or linear expenditure systems, at the individual level. Prices and 
income are assumed to follow a lognormal distribution. The market data 
were constructed as the summation of these individual allocations and 
approximation characteristics were studied for various market demand 
systems. The demand systems applied at the market level included 
translog, AIDS, Rotterdam, constant elasticity system and linear 
expenditure system. 
Several experiments were conducted. Phase I experiments were 
concerned with analyzing the bias in market demand systems and rejection 
of individual theory in various market demand systems under different 
assumptions on variance of distribution of income and prices. The 
results of these e:q>eriments can be summarized as follows: 
1. Bias in elasticities, especially for cross price and income 
elasticities can be considerable. This was particularly 
pronounced in Rotterdam and LES demand systems. 
2. Changes in variance of distribution of prices and income seemed 
to have little effect on bias in the elasticities. 
3. The Slutsky restrictions, namely homogeneity and symmetry need 
not carry over to market demand systems and the rejection rate 
for these restrictions increased with changing variance of 
distributions of income and prices over time. 
The experiments in phase II were conducted according to Central 
Composite design to fit a quadratic response surface for bias in 
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elasticities and variance of restrictions. For this purpose, eight 
design variables or factors, comprising of three symmetry coefficients of 
the nonhomothetic translog demand system; variance of distribution of 
income and variance of distribution of prices of four commodities that 
were set up in the Monte Carlo model were chosen. A total of 33 design 
points were evaluated. 
Hie quadratic response surfaces fitted for the bias in elasticities 
for the various market demand systems suggested that the design factors 
are not important in explaining the bias as a percent of true 
elasticities. On the other hand, the design factors were important for 
response surfaces in variance of Slutsky restrictions. 
The major implications of this phase of the study can be summarized 
as follows: 
1. The approximation properties of AIDS and translog were good and 
the approximation characteristics of CES models was almost the 
same as the other flexible forms. Thus, it is not clear what is 
being gained by adapting these more complex flexible functional 
forms for market demand analysis. 
2. The results imply that the market demand functions need not 
carry the theoretical restrictions. In fact, the theoretical 
restrictions will often be rejected. Further, the results 
suggest that rejection of theory will be more likely with these 
so-called flexible functional forms. 
3. The Slutsky restrictions can be characterized stochastically and 
used in applied demand. 
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Like analysis, other Monte Carlo studies the results of this study 
should be viewed with caution. The results are with respect to a 
particular design, data configuration, and distributional assumptions. 
In the future, the response due to different distributional 
assumptions need to be studied. A more complete Monte Carlo model 
encompassing all substitution possibilities may provide further insight i 
about the approximation characteristics of the various demand systems 
under a wide range of possibilities. The extension of the above analysis 
to study an optimal use of Slutsky restrictions in mixed estimation 
frameworks may yield useful results for applied market demand analysis. 
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(a) Cub* portion, 
<KI.X2.X3) «(11.11.11). 
(-1,1,1) 
(-1,1,1) 
k 
(b) Star portion 
(x1.x2.x3) • /•«nm 
(0.1 a.O) 
(0.01a) 
+ a 
(§) 
(c) Canter point(s) 
(Xl.X2.X3) m (0.0.0). 
(1,1,-1) 
(-1,-1,-1) : 
(-1,-1,1) 
•fa 
(1,-1,-1) 
(1.-1,1) 
Flgun A.l. A compMitt datlgn In thru dlimtlona (k - 3)* 
* Box and Draper. (1967, p.306) 
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Table A.l. Coding of factors in phase II experiments 
Factors Coded Levels 
Star(-) 
(-a)* 
Low 
(-1) 
Center 
(0) 
High 
(+1) 
Star(+) 
(+*)* 
Symmetry Coefficients 
1^2 " ^21 -0.1869 -0.13 -0.10 -0.07 -0.015 
1^3 " ^31 -0.1066 -0.07 -0.05 -0.03 0.0066 
2^3 " P32 0.1434 0.18 0.20 0.22 0.2566 
Variance of Distributions 
a 
Income (o^ ) 0.302 0.63 0.50 0.57 0.698 
Price 1 (Opi) 0.043 0.08 0.10 0.12 0.157 
Price 2 (0^ ,) 0.022 0.04 0.05 0.06 0.078 
Price 3 (0^ ,) 0.0052 0.007 0.008 0.009 0.0108 
a 
Price 4 (Op*) 0.0368 0.11 0.15 0.19 0.2632 
A^lpha was set at 2.83 which also ensures rotatabillty; 
see Table 15.2. of Box and Draper (1987, p. 512). 
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Table A.2. A 2%^ * fractional design for phase II experiments^  
2jy* design 
Design Factors 
Run 1 2 3 4 5 6 7 8 
1 - - - + + + - + 
2 + - - - - + + + 
3 - + - - + - + + 
4 + + - + - - - + 
5 - - + + - - + + 
6 + - + — + - - + 
7 - + + - - + - + 
8 + + + + + + + + 
9 + + + - - - + -
10 - + + + + - - -
11 + - + + - + - -
12 - - + - + + + -
13 + + - - + + - -
14 - + - + + - + -
15 + - - + + - + -
16 - - - - - - - -
®Box, Hunter and Hunter (1978, p. 406). 
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Table A.3. Star and central points design for phase II experiments 
Coded Levels 
Design Factors 
Run 1 2 3 4 5 6 7 8 
17 +1 0 0 0 0 0 0 0 
18 -1 0 0 0 0 0 0 0 
19 0 +1 0 0 0 0 0 0 
20 0 -1 0 0 0 0 0 0 
21 0 0 +1 0 0 0 0 0 
22 0 0 -1 0 0 0 0 0 
23 0 0 0 +1 0 0 0 0 
24 0 0 0 -1 0 0 0 0 
25 0 0 0 0 +1 0 0 0 
26 0 0 0 0 -1 0 0 0 
27 0 0 0 0 0 +1 0 0 
28 0 0 0 0 0 -1 0 0 
30 0 0 0 0 0 0 +1 0 
31 0 0 0 0 0 0 -1 0 
32 0 0 0 0 0 0 0 +1 
33 0 0 0 0 0 0 0 -1 
